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Tuberculosis (TB) has been the health concern towards mankind worldwide for a 
long time. Although it seems to be controlled after the anti-tuberculosis agents have 
developed, it revives because of the emergency of multidmg-resistant strains and the 
synergism of tuberculosis and human immunodeficiency co-infection. Tuberculosis 
is caused by Mycobacterium tuberculosis (M.TB). Previous studies provided strong 
evidence of host genetic predisposition in the pathogenesis of tuberculosis. However, 
few confirmed predisposition genes were found even in the current era of 
genome-wide association studies (GWAS). 
A totally 25 single nucleotide polymorphisms (SNPs) of 11 susceptibility genes 
are examined. Genomic DNA was extracted from peripheral blood which collected 
from up to 1160 Chinese TB patients and 1280 Chinese normal controls. 
Allele-specific PGR and melting analysis were used to genotype TB and control 
samples. Chi-square, nonparametric tests and Haploview software were used for 
statistical analysis. 
Recent publication of a GWAS study in African population identified a 
susceptibility locus for tuberculosis on chromosome 18qll.2 using genome-wide 
association analyses and defined two SNPs rs4331426 and rs2335704 as 
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susceptibility SNP for tuberculosis in African population. In part A study, I designed 
the primer sets for these two SNPs, and used 1385 Chinese tuberculosis case samples 
and 1280 healthy controls to explore whether there was any association with TB in 
the Chinese population. The results suggested that SNP rs4331426 might be 
associated with tuberculosis in Chinese population (p=0.011) while SNP rs2335704 
did not. 
The major feature of TB is the formation of granuloma in lung. Besides TB, 
granulomas can be found in a variety of diseases characterized as granulomatous 
inflammatory diseases, such as Crohn's disease, Leprosy, Sarcoidosis, etc. 
Granulomatous inflammatory diseases share common immunopathway, so it 
provides the basis of my hypothesis. The hypothesis is that the susceptibility genetic 
loci identified in other granulomatous inflammatory diseases are also related to the 
pathogenesis of TB. Therefore, these loci particularly those reported in recent GWAS 
were selected as candidate genes in this study. 
In part B study, I selected seven genes identified from the GWAS of other 
granulomatous inflammatory diseases to investigate whether they were associated 
with TB in Chinese patients. These genes were STATS, STAT5A, STAT5B, ANXAll, 
IRGM, ATG16L1 and IL23R. No significance was found in these genes listed above 
in the primary case-control studies. Then the case samples were divided according to 
the age of onset and analyzed for the effect of these SNPs and disease severity in 
case-only samples. The results shown that the two SNPs (rs 1049550, rs7091565) on 
ANXAll gene are significantly associated with positive sputum smear in the young 
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patients group <35 years old. The haplotype analysis by Haploview software 
revealed that C-T and T-C haplotypes show significant association with early-onset 
age group (C-T (susceptible haplotype): OR=1.68, 95%CI=1.15-2.46; T-C 
(protective haplotype): OR二0.58 95%CI=0.38-0.89). Furthermore, another three 
SNPs (rs7517847, rsll805303 and rsll209033) on IL23R gene were significantly 
associated with presence of cavity in the patients group younger than 35 years old. 
And the C-G-C haplotype was associated with cavity formation in TB patients 
(OR=1.65, 95%CI=1.08-2.52). 
Familial studies demonstrated that chemokine genes in chemokine cluster region 
on chromosome 17qll.2 might be associated with susceptibility to TB. So in part C 
study, five SNPs of four CCL genes on chromosome 17qll.2 are selected to explore 
the probably existent significance. There was no significant association found in 
case-control study. But the SNP rs885691 on CCL8 gene might have an interaction 
effect with smoking in the predisposition to TB. 
In this project, one SNP was found associated with susceptibility of TB in 
Chinese TB patients. Other genes or SNPs were found to be associated with disease 
severity in the early-onset group. In future study, focus on the genetics of subgroups 
of TB patients (such as young onset) may enhance the understanding of the 













酶鏈式反應（allele-specific PCR)和溶解曲錢分析(melting analysis)確定，最後 
使用適當的統計學手段進行數據分析。 
近期發表的一篇關於非洲人口結核病的全基因組關聯研究結果顯示在染色 
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( rs l049550,rs7091565)與35歲以下病人的痰液塗片陽性相關。同時，這2個 
單核苷酸多態性的2個單倍型C-T和T-C在35歲以下病人中也呈現特異性差異 
(C-T: OR=1.68, 95%CI=1.15-2.46; T-C: OR=0.58 95%CI=0.38-0.89)�此外， 
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Chapter 1 Introduction 
1.1 Clinical disease caused by M.TB 
l.l.lTubercuIosis (TB) 
Tuberculosis (TB) became a global health problem long time ago and still 
threatens the mankind in the modem society. The World Health Organization has 
declared that March of each year should be designated as "World TB Day", to 
commemorate the discovery of Mycobacterium tuberculosis by the great German 
bacteriologist Robert Koch in 1882 (WHO, www.who.int). It was prevalent 
worldwide especially in resource-poor counties in century. After the 
development of anti-tuberculosis agents and the improvement of sanitation condition, 
TB seems to be controlled. However, as the emergency of the multidrug-resistant 
strains and co-infection between tuberculosis and human immunodeficiency virus, it 
becomes a serious healthy matter again. The World Health Organization estimates 
that about one-third of the global community is infected with Mycobacteria 
tuberculosis (M.TB) especially in developing countries (WHO, www.who.int). It 
becomes second most common cause of death due to infectious disease after human 
immunodeficiency virus and current trends suggest that TB will still be among the 10 
leading causes of disease burden worldwide in the year 2020 (www.who.int). In 
order to eradicate the disease, we need to better understand the pathogen, 
transmission, and pathogenesis of TB. 
Pulmonary tuberculosis (PTB) is the main clinical manifestation caused by 
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infection of M.TB. This kind of TB is considered primarily transmitted by 
inter-human transmission. Tuberculous bacilli are spread out by infected patients 
coughing, sneezing, or speaking, which means the pathogen spread through air. It 
includes two states, one is tuberculosis infection, also known as latent state, and the 
other is active tuberculosis. Latent infection can turn to the active one in certain 
situations. Besides the PTB, other manifestations are called extrapulmonary 
tuberculosis, which is less-likely contagious (Brodie & Schluger，2005). 
Risk factors for tuberculosis are various, including crowded living condition, 
smoking, malnutrition, age, indoor air pollution, alcohol, genetic factors, HIV 
infection, diabetes and so on (Schaaf & Zumla, 2009). Even contact with an infected 
patient in close contact, only about 5% will develop active disease during the first 
two years following contact. The other 95% will be asymptomatic and remain latent 
infection. Many researches have focused on why and how these 5% patients develop 
disease. This is also the propose of my study. 
1.1.2 Pathogen: Mycobacteria tuberculosis (M. TB) 
TB is a kind of bacterial infected disease, and the pathogen is Mycobacteria 
tuberculosis (M.TB) which was isolated in 1882 by German scientist Robert Koch. 
M.TB species are rod-shaped bacteria with 0.2-0.6 u m wide and 1-10 u m long. 
They are "non-motile, non-encapsulated, non-spore forming, aerobes or facultative 
anaerobes bacilli" (Godreuil, Tazi, & Banuls, 2006). These bacteria can be seen after 
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Ziehl-Neelsen (ZN) acid-fast stain of the active TB patient sputum through optical 
microscopy. M.TB doesn't show any toxicity which can directly damage the tissue. 
In fact, it survives and replicates within macrophages without any harm to the cells. 
So the lesions of TB are the result of the interaction between the M.TB and the host 
immune system (Woolf, 1998). 
With the technological progresses in molecular epidemiology studies, 
researchers have subdivided M. TB species into different families mainly according to 
different geographical regions since the mid-1990s. Seven major M.TB families were 
evident, which included the Beijing family, the EAI family (East African-Indian), the 
CAS family (Central Asian), the T group of family, the Haarlem family, the X family 
and the LAM family (Latin American and Mediterranean). (Godreuil, et al.，2006). 
The predominant family of them is the Beijing family, which was first emphasized 
by Van Soolingen et al. in 1993 (van Soolingen, de Haas, Hermans, Groenen，& van 
Embden, 1993). This kind of family not only originated from the province of Beijing, 
but also found in neighboring countries such as Mongolia, South Korea, and 
Thailand. The geographical variance in different strain family may indicate the 
genetic impact between host and pathogen contributes to the disease. 
According to the ZN fast-acid stain technology, there developed the tuberculosis 
smear test for active tuberculosis disease. As the pathogen of active tuberculosis can 
be detected under the microscope after ZN acid-fast stain, the sputum of the patients 
is used to make a smear. If there exists M.TB, it will show in red compared with the 
tissue in blue. It is a kind of indicator of poor bacteriostatic by the host. 
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BCG is the only available vaccine at present which is using worldwide to against 
human tuberculosis which was developed in 1921(Schaaf & Zumla, 2009). It's full 
name is Bacillus Calmette-Guerin. It is a kind of weakened live bovine tuberculosis 
bacillus without its virulence in humans by the way that be cultured in a special 
medium for several years. The protective effect of BCG seems to be different 
according to many factors. At best, it can provide about 80% effective in preventing 
from TB for a duration of more than 10 years (Friedman, 2001). 
1.2 Host defense against M.TB 
1.2.1 Overview 
When inhaling the microdroplets containing M.TB, one may have risk to 
develop active TB. The first line of defense against M.TB bacillus is alveolar 
macrophages through phagocytosis. However, the macrophages are not able to kill 
the M.TB organisms and allow them to grow within the alveolar macrophages. 
During the time required to develop cell-mediated immunity (CMI)，M.TB bacillus 
continue to replicate and may lead to the active primary TB. Then with the 
development of the CMI, a small part of the infected patients will manifest as 
primary TB, shows granuloma, etc. while the majority of them will either lead to 
local destruction of M.TB or persistence of the organisms in a latent phase within 
tissue macrophages (Friedman, 2001). 
Cell-mediated immunity (CMI) is one of the major mechanism of immune 
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defense against intracellular pathogens which mediated by T cells and the released 
cytokines. T cells bind to the surface of other cells that display the antigen and 
induce the immune responses. It is initiated by exposure to a foreign antigen such as 
M.TB. The M.TB antigens are processed and presented with human leukocyte 
antigen (HLA) molecules by the antigen-presenting cells. CD4 helper T cells react 
with Class II HLA molecules, whereas CD8 cytotoxic/suppressor T cells react with 
Class I HLA molecules. Subsequently, T-cells are activated and proliferated to 
enhance the immune response. Various kinds of cytokines are secreted to help to 
eradicate the pathogen. And memory T cells are developed to response to the antigen 
within 1 or 2 days following exposure. 
The formation of granulomas can be found in most of the TB patients. They are 
usually the accumulation of inflammatory cells containing macrophages, 
mononuclear cells, etc. Granulomas have mutually contradictory function. On one 
hand, they can wall off the M.TB pathogens in an isolated microenvironment and 
limit the growth of bacteria. On the other hand, within granulomas, M.TB may 
escape from the immune-based clearance mechanism and the therapeutic 
concentration of anti-tuberculosis drugs (Zumla & James，1996). 
Latent infection of TB means the patient is identified with M.TB infection but 
doesn't manifest any symptom of active TB or tissue damage as the host immune 
system retains adequate control over replication of the bacterium. About one-third of 
the world's population has the latent M.TB infection. It is the main problem for 
eradication of M.TB as the host immune response can only control the infection but 
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unable to clear the pathogen. The patients with latent M.TB infection remain 
clinically healthy. Latent state can turn to the active one in some situations such as 
malnutrition or impaired host defense. 
1.2.2 Specific pathways 
1,2,2,1 Cytokine and cytokine receptors 
Cytokines are a kind of polypeptide produced by lymphocytes that regulate 
many aspects of immune response. Cytokines can be divided into two types, one is 
soluble and the other is membrane-bound. They act either on neighboring cells, 
which is known as paracrine signaling or on the producing cells themselves, which is 
known as autocrine action. Cytokines are present in very low amount that exert their 
effects by binding to specific receptors on the membrane of certain cell. Cytokines 
can be divided into six major families, 
which are IL-1 family, TGF- P family, 白 
growth factors, type I and type II \ \ , W 
仏 3 《 奶 1 妙 ， 幽 
cytokines, TNF family and Z & 
chemokines. They have their own I n H 口 
biological function, some are 1 S ^ 
IL-12B152 IL-12Rf” IL-23R 
pro-inflammatory cytokines, some are 
anti-inflammatory cytokines, some are 
Fisure 1.2.2.1 The structure of IL-23, .1 .1 .‘• • .. J IL-12 and their receptors inhibition of vims replication and ^ 
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others are macrophage activating cytokines. (DeFranco, Locksley, & Robertson， 
2007) 
Cytokine receptors are always expressed in the membranes of particular cell 
types. When binding to the cytokine, they may trigger the intracellular signaling 
which may results to specific gene transcription. A particular cytokine receptor can 
be induced to express in a certain environment. Cytokine receptors can be classified 
into six major families on the basis of particular amino acid motif or structural 
elements in the extracellular region. They are type I cytokine receptor family, type II 
receptor family, TNF receptor superfamily, TGF 0 receptors，immunoglobulin (Ig) 
superfamily cytokine receptors and chemokine receptor family. (Mak，Saunders, & 
Mak, 2008) 
One of the important cytokines involved in the host defense against M.TB 
infection is interleukin-23 (IL-23). It belongs to the IL-12 family and shares the same 
p40 subunit as IL-12, together with a unique pi9 subunit, while IL-12 has another 
p35 subunit. IL-23 has two receptors, IL-12RJ 1 and IL-23RP 3，in which, IL-12R 
0 1 is shared with IL-12 (Parham et al., 2002) {Fisure 1.2.2.1). IL-23 is an 
important cytokine in the host defense against M.TB pathway. It has its typical 
biological function by inducing the production of IFN- Y from activated or memory 
CD4+T cell and simulate the proliferation of memory T lymphocytes. As the same 
subunit p40 exists in both IL-23 and IL-12, IL-23 can induce IFN- y in the absence 
of IL-12, so as to control the M.TB infection. . 
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1,2,2,2 Immune response against M.TB infection 
When M.TB was phagocyted_by the macrophages or dendritic cells, they will be 
processed to be specific antigen and presented on the surface of the macrophages or 
dendritic cells together with major histocompatibility complex (MHC). The 
antigens combine with MHC Class I will be presented to CDS cells to produce 
specific antibody while MHC Class II will present the processed antigens to the 
CD4+ Thl cells. And the IL-12 and IL-23 which are induced by activated 
macrophages and dendritic cells will interact with their receptors and further 
stimulate the CD4+ Th 1 cells to induce interferon-gamma (IFN- Y). And then, 
IFN- Y will bind to the IFN- y receptor to active the phosphorylation of STATs so 
as to further enhance the immune response. 
Type I and type II cytokine receptors signal mainly via the Jak-STAT signaling 
pathway. Actually, STATs are responsible for much of the specificity of cytokine 
receptor signal (DeFranco, et al., 2007). When the cytokine binds to the 
corresponding cytokine receptor, they may activate Jak kinases by cross-active one 
another activating site in their kinases domain through phosphorylation. The active 
Jaks then phosphorylate key tyrosine residuals in the cytoplasmic tail of the cytokine 
receptor. These sites then recruit signaling molecules like STATs which contain SH2 
domain. Once phosphorylated, STATs dissociate from the receptor and then form 
STAT dimmers. Subsequently, the STAT dimmer will enter the nucleus and active the 
transcription of specific target genes. (Figure 1.2.2.2) (DeFranco, et al., 2007) 
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A) IL12/IFN-Y/Thl lineage 
IL-12 is produced mainly by DCs and phagocytes. It can induce the production 
of IFN- y and stimulate T-cell proliferation. IL-12 is the key cytokine that favours 
the differentiation of Thl cells and forms the bridge between innate and adaptive 
immunity (Trinchieri, 2003). 
IFN- y is a critical mediators in regulating the function of cells of both innate 
and adaptive immunity. It is an important activator of the antimicrobial function, 
which helps to resistant many pathogenic bacteria，fimgi, and intracellular pathogen. 
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Fisure 1.2.2.3 J Brief guideline of IL12/IFN- Y /Thl pathway 
Naive T cells differentiate into effectors CD4+ T cells, and further assigned to be 
Thl or Th2 lineage based on their cytokine profiles. In the Thl lineage，the naive T 
cells are induced to be T helper cells typel with the assistance of IL-12. Thl cells 
express T-box transcription factor (T-bet) and then active the transcription of IFN 
gene to secret IFN- Y . So the overall outcome of Thl cell activation is the 
elimination of invading organism by host innate immune cells. (Figure 1,2,2,3,1). 
(Murphy & Reiner，2002) 
B) IL23/IL17/Thl7 lineage 
IL-23 is an important cytokine involved in the host defense against the invading 
pathogens. As described before, it belongs to IL-12 family cytokines and is a 
heterodimer composed of pi9 and p40 subunits. So IL-23 may help to induce the 
secretion of IFN- y especially in the absence of IL-12. IL-23 can induce the IFN- y 
production from activated or memory CD4+ T-lymphocytes but not from naive ones. 
In contrast，IL-12 can induce IFN- Y from both of them (Schaaf & Zrnnla，2009). It 
has been reported that IL-23 acts as a critical role in the initial differentiation of Thl 7 
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ill humans (Wilson et al.，2007)，(Chen, Tato, Muul, Laurence, & O'Shea，2007). 
However, other publications argued about it and supported that IL-23 is the growth 
and stabilization factor for Thl7 lineage (Kom, Bettelli, Oukka, & Kuchroo，2009). 
IL-17 is a pro-inflammatory cytokine produced by Thl7 cells to regulate the 
immune response which has been partly characterized mechanistically. It is 
demonstrated that IL-17 is highly expressed in chronic multiple sclerosis lesions 
(Lock et al., 2002) and was found in T cells (CD4+ and CD8+) and astrocytes of 
multiple sclerosis lesions (Tzartos et al, 2008). Furthermore in host defense, IL-17 
driven chemokine expression was required to attract protective IFN- Y -producing 
Thl cells in M.TB infection (Khader et al., 2007) and IL-23 and IL-17 were acting in 
a complex manner in the control of mycobacteria-induced inflammation (Khader & 
Cooper, 2008). IL-17 expression is increased in patients with all kinds of allergic and 
autoimmune disorders. So IL-17 is a potent effecter cytokine in host immune 
response. 
IL-17 producing T cells which also called Thl7 cells lineage is newly discovered 
CD4+ helper T cell subset which produces IL-17 and is distinct from classical Thl 
and Th2 lineages. It is critical in clearing the pathogens during host defense reaction 
and inducing tissue inflammation especially in autoimmune diseases (Kom, et al., 
2009). The brief outline of the Thl 7 differentiation shows in Fisure 1.2.2.3,2. In the 
synergism of tumor growth factor- P (TGF- P ) and IL-6, the naive T cells turn to the 
way of polarization of Thl7 cells. IL-23 further stabilizes and stimulates Thl7 
differentiation, finally induce the cells to secret IL-17 for the immune response 
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(Fisure 1.2.2.3.2\ (Strober, Zhang, Kitani, Fuss, & Fichtner-Feigl, 2010). The 
produced factors of the three T cell subsets antagonize each other in the 
differentiation and the promotion of their function. IFN- Y is said to suppresses the 
differentiation of Thl7 cells by reducing the IL23R expression on CD4+ T cells. 
(Iwakura and Ishigame 2006). Thl and Thl7 responses cross-regulate each other 
during mycobacterial infection, which may be important for immunopathology for 
TB. Practically, IL-23/Thl7 pathway is suggested to be a therapeutic target for the 
treatment of chronic inflammation disease. 
“ - 乂 IL -17 
Naive T cells 
Fisure 1.2,23,2 Brief outline of IL-23/IL-17/Thl7 pathway 
1.3 Genetic predisposition of host to infection 
Genetic predisposition of host is an important risk factor for pathogen infection. 
Genetic variation of host is determined mostly by single-base variant in human 
genome, which is called single nucleotide polymorphisms (SNPs). In the old days, 
TB is considered associated with poor hygiene condition. However, with further TB 
research in the following years, it is believed that genetic factors also have 
significant roles in the disease. Familial linkage studies have suggested several TB 
susceptibility genes of strong effect in high susceptible families, especially those 
12 
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have defects in one or more genes related to immune pathways such as 
interferon-gamma receptor-1 (IFNGRl), interferon-gamma receptor-2 (IFNGR2), 
interleukin-12B {IL12B) and so on. Several candidate genes have been found to be 
associated with TB in sporadic cases in some population, including SLCllA 
(Blackwell, Searle, Mohamed, & White，2003), IFN Y and other cytokines pathway 
genes (Bellamy, 2003; Hill, 1999; Jouanguy et al., 2000). Although genetic plays 
essential role in the development of TB, it is a hard research topic as the interrupt of 
environment factors. Therefore, despite multiple efforts, only one paper and two 
SNPs were found significantly associated with TB by GWAS (Thye et al., 2010). 
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Chapter 2 Overview and aim of this project 
2.1 GWAS replication 
TB is becoming the health problem for the whole world again. Although many 
researches have been studied on this topic, the genetic pathogenesis of TB is still a 
mystery even in the present GWAS era. Only one paper and two SNPs have been 
identified by GWAS till now (Thye, et al., 2010). In the first part of the thesis, I 
repeated the experiments carried out by Thye, Vannberg et al. in Chinese population 
to determine whether we can replicate these findings in Chinese population as the 
recently identified GWAS findings in African ones. So the hypothesis in this part is 
that TB predisposition alleles in African also predispose to TB in Chinese. 
2.2 Candidate genes revealed in GWAS of other 
granulomatous inflammatory diseases (GiD) 
As an example of GiD, TB may shares common features with others such as 
Crohn's disease (CD), Leprosy, etc. Compare with few susceptibility loci of TB 
identified by GWAS, more than 30 loci have been confirmed that were independently 
associated with CD (Wolfkamp, te Velde, Weersma, Ponsioen, & Stokkers, 2010). So 
it is a good opportunity to evaluate other GWAS findings in diseases sharing the 
same host response — granulomatous inflammation and see whether the identified 
loci in other GiDs are also the susceptibility loci in TB. So the hypothesis of the 
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second part of my thesis is that GWAS identified susceptibility genes in other 
diseases characterized by granulomatous inflammation are also predisposition genes 
for Tuberculosis. 
2.3 Chromosome 17 chemokine cluster region 
Family based linkage studies provided some evidence on the association 
between TB and chemokine cluster region. Part of this study also focused on the 
chemokine cluster genes to explore whether exists such association in the Chinese 
TB population. 
Furthermore, a SNP of miRNA-146a was examined in Chinese population for 
the association with TB. 
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Chapter 3 Replication study of TB GWAS 
3.1 Introduction 
3.1.1 TB GWAS study 
TB, as one of the major healthy problems, has been the concern for researches 
world-wide for several centuries. However, despite multiple efforts, only 2 SNPs 
were identified associated with TB by Genome-wide association studies (GWAS). 
Recent publication in nature genetics identified a susceptibility locus for tuberculosis 
on chromosome 18qll.2 using genome-wide association analyses and defined two 
SNPs, rs4331426 and rs2335704 as susceptibility SNP for tuberculosis in African 
population (Thye, et al., 2010). 
SNP rs4331426 is located in a gene-desert region on chromosome 18qll.2 and 
with the nearest genes GATA6, CTAGEl, RBBP8 and CABLES!. It suggested that 
this SNP is within a gene-desert region because of the low linkage disequilibrium on 
18qll.l-qll.2 (Thye, et al., 2010). While SNP rs2335704 was on gene PARD3B of 
chromosome 2. 
3.1.2 Aims of this part 
In this part of the study, the genotyping analysis was conducted to investigate 
whether the SNPs rs4331426 and rs2335704 from TB GWAS were predisposed to 
the susceptibility of TB in Chinese population. 
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3.2 Material and methods 
3.2.1 Case and control samples 
Totally 1160 TB case samples were genotyped for the SNP rs2335704 and 1385 
TB patient samples were studied for the SNP rs4331426. 
Patients attending the territory-wide Chest Clinical of the tuberculosis and Chest 
Service in Hong Kong with confirmed TB were recruited to participate in this study. 
The written consent forms have been received from all the participants. The patients 
involved in this study have to satisfy both of the inclusion and exclusion criteria: 
Inclusion criteria: 1) culture positive for M.TB and/or 
2) clinical TB diagnosed based the clinical-radiological and 
histological grounds from the International Union Against TB 
and Lung Disease. 
Exclusion criteria: 1) patients with human immunodeficiency virus (HIV) and/or 
2) patients with other immunodeficiency. 
In this project, the control samples were a cohort of Chinese community elderly, 
which were healthy Chinese population aged 65 years old or above living in the 
community centers for the elderly and housing estates in Hong Kong since 2001. The 
detailed information of them such as age, sex, body weight, height has been collected. 
Consent forms have been obtained. 
The corresponding numbers of case and control samples of each SNP in this part 
of the study were listed in Table 3.2.1. 
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Table 3.2.1 Number of the case and control samples of SNPs studied in this part 
SNP No. Allele Case No. Control No. 
rs4331426 ^ 13^ 
TR r^WAS 
rs2335704 G ^ U ^ 1280 
3.2.2 DNA extraction 
In this study, traditional phenol-chloroform DNA extraction methods were 
performed. First, 250ul peripheral blood sample was mixed with 500ul lysis buffer 
(lOM NH4CI+20/0SDS) and 5ul proteinase K (Amresco) in 2 ml tube. Then the tube 
was kept in 65°C water bath overnight (no more than 16h). In the morning of the 
next day, 400ul 5M NaCl was added directly to the tube and well mixed by gently 
inverting the tube. Place the tube at -80 °C fridge for 5min or -20°C fridge for Ih. 
After frozen, centrifuged the sample at 6,500rpm for lOmin and then carefully 
removed the supernatant into a new tube. A mixture of phenol-chloroform had been 
prepared beforehand with a fix ratio of Phenol: Chloroform: Isoamyl 
alcohol=25:24:l (V:V:V)，which need to stand for at least one day before starting to 
use. 500ul prepared phenol-chloroform mixture was added to the transferred 
supernatant, vigorous mix was needed for 15sec this time. After stayed at room 
temperature for a few minutes, centrifuge the sample at 6,500rpm for 5min. At this 
time, the sample would be divided into three layers clearly, of which the top layer 
was what we wanted to collect. Be care not to touch the middle layer. Add 1ml 
Chloroform to the new collected sample and mix well by pipetting or tube inverting. 
Centrifuged at 6,500rpm still for 5min, removed the upper layer into a new tube 
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again and added equal volume of 2-propanol, mixed well until the bubble is invisible. 
For better DNA precipitation, the tube can be stored at -20°C for l-2h. When took 
out form the fridge, centrifuged at 13,000rpm for lOmin. After the centrifugation, a 
small white pellet could be seen at the bottom of the tube. Discarded all of the 
supernatant and added two times of 900ul 70% ethanol to wash the DNA pellet. After 
each wash, spun at 13.000 for lOmin, and be sure to remove the ethanol completely 
as it might affect the following PCR results. In order to eliminate the ethanol 
thoroughly, air-dry step was required. At last, about lOOul 65°C pre-warmed ddHzO 
was used to dissolve the DNA. The extracted DNA samples were then stored at 
-80°C for further experiments. 
3.2.3 Genotyping of the SNPs 
The genotyping method of this project was melting temperature (Tm)-shift 
allele-specific genotyping (Germer & Higuchi, 1999; Wang et al” 2005). The method 
was based on allele-specific PCR，an advance PCR system with two different 
forward primers and one common reverse primer. The forward primers were 
designed attaching two different additional 5' GC sequence to generate difference in 
Tm between the products of allele-specific PCR. The sequence of the longer GC tail 
was 5 ‘ -GCGGGCAGGGCGGC-3 ‘ and the shorter one was 5'-GATTACCG-3'. The 
common reverse primer located no more than 20bp downstream from the SNP. Then, 
at least 3-4°C alteration would be shown in Tm of the result of allele-specific PCR. 
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All PCRs were organized using the program set by Biomek® 2000 and 
Biomek® NX robotic system (Beckman Coulter, Fullerton, CA，USA). Before PGR, 
I 
the ratio of ordered primers and concentration of Mg need to be optimized. The 
PGR master mixture contained lOng of genomic DNA, 0.4mM of each dNTP, 0.2X 
SYBR Green I (Invitrogen), 2mM or 1.5mM Mg2+ (according to the result of 
optimization), 10%DMSO, 0.2uM of each of the primer, IX Acti-Taq buffer and 
0.6U Acti-Taq polymerase (Roche Applied Science). Total volume of the PGR 
reaction was 12.5ul and used 384-well plates for genotyping. DNA amplification was 
performed by initially heating the reaction mixture at 95�C for 15min to activate the 
polymerase, followed by the cycle of denaturation for 20s at 95 °C，Imin at 60°C for 
annealing, and 30s at 72°Cfor extension, which repeated for 35 times. After a further 
72 V elongation step, the temperature of PGR program decrease to 4 V . 
Subsequently, the plate was transferred to Roche LightCycler® 480 Real-Time PGR 
system (Roche Applied Science) to monitore the melting curve analysis. Using the 
melting software (Light Cycler® 480 software, vl.5) connected with the instrument, 
the data of melting curve were achieved by detecting the fluorescence intensity of the 
PGR products in a denaturation ramp from 60 °C - 90 "C by temperature increment at 
0.5°C/s. Finally, three kinds of melting result curves would be shown according to 
three different genotypes of each SNP. We could easily read out the genotype of each 
sample in keeping with the primary primer design. The optimization results of each 
SNP were listed in Table3.2.3. A typical melting profile of genotypes is demonstrated 
in Fisure 3.2.3. 
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Fimre 3.2.3 Typical melting profile of genotype by Roche LC480 software 
3.2.4 Statistical analysis 
Hardy-Weinberg Equilibrium (HWE) was used to measure the genotype 
distribution of the polymorphisms for variation. The chi-square test was used to 
investigate whether there was possible association between the susceptibility loci and 
TB in case-control studies. P-value < 0.05 was identified statistically significant. The 















































































































































































































































































































































































































3.3.1 Description of studied samples 
In this part of the study, 1385 case samples and 1280 controls were used for the 
genotyping of SNP rs4331426, 1160 cases and 1280 control samples were prepared 
for the genotyping of SNP rs2335704 (Table 3.2.1). The mean age of both case and 
control samples (maximum number) were listed in Table 3.3.1 together with the sex 
frequency. 
Table 3.3.1 Description of the samples studied in this part 
Case Control 
N 14?7 
Age mean 48.17 yr 72.5 yr 
Sex female 506 (35.2%) 1920 (50%) 
n ^ 929 (64.6%) 1920 (50%) 
3.3.2 Results of case-control study for replication studies of 
TB GWAS 
The SNP position, function and genotype percentage compared with the CHB 
frequency data from HapMap were present in Table 3.3.2J. All the genotypes 
followed HWE with p value larger than 0.05. For the SNP rs4331426, the p value 
was 0.011 (Table 3.3.2.2), which indicated that there appeared to be association 
between this SNP and the risk of the development of TB in Chinese population. It 
suggested that G allele was the protective allele in this SNP (OR=0.62, 
95%CI=1.15-2.26). And the genotype AA was observed to be risk genotype for this 
SNP (OR=1.55，95%CI=1.09-2.19). The distribution of dominant model and 
recessive model of SNP rs4331426 were shown in Table 3.3,2.3. 
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However, the other SNP which suggested to be associated with TB by GWAS 


































































































































































































































































































































































































































































































































































































































































Recent GWAS has identified the TB susceptibility loci on Chrl8qll.2. It is 
located in a gene desert region with no known gene and even in African population, 
the linkage disequilibrium (LD) levels were especially low (Thye, et al., 2010). The 
paper found the two most significant variants, rs4331426 and rs2335704, were 
significantly associated with the risk of TB in African population after replication 
studies (combined p=6.8xl0-^ 0R=1.19，95%CI=L13-1.27). In my study, rs4331426 
appeared to be associated with predisposition to TB in Chinese population while the 
other SNP rs2335704 did not show association. 
In the GWAS publication, Thye, et al. revealed that G allele of SNP rs4331426 
appeared to be a risk allele for TB with OR of 1.19 in African population, while in 
my thesis, the G allele appeared to be protective in Chinese population (OR=0.62, 
950/oCI二0.44-0.87). This distinction might be the results of the different populations 
were investigated in these two studies. First, the allele distribution is different 
between the two populations, where G alleles are much rarer in Chinese than in 
African population (4.7% vs. 38.6%). Second, the haplotype composition around the 
SNP rs4331426 also varied considerably between the two populations a lot. Fisure 
3.4.1 to Fisure 3.4.4 demonstrated the phased haplotypes of four populations (ASW: 
African ancestry in Southwest USA; YRI: Yoruban in Ibadan, Nigeria; CHB: Han 
Chinese in Beijing, China; CHD: Chinese in Metropolitan Denver, Colorado) in 
region where rs4331426 is located. The blocks in red vertical frame represented the 
rs4331426 and the yellow color for "G" alleles at rs4331426. We can observe that 
haplotypes in linkage with G allele of rs4331426 in African population (ASW and 
YRI) (framed in pink) are very different from those in Chinese ones (CHB and CHD) 
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(framed in black). This variation suggested that rs4331426 might not be the primary 
functional element associated with TB across the populations. Some other SNPs or 
haplotypes in LD with rs4331426 on ChrlSqll might be the primary functional 
element. Therefore, it is possible that the real functional element (which is 
responsible for the risk of TB) that is in LD with the G allele in African but with the 
"A" allele in Chinese and thus causing contrasting results between my study and the 
GWAS study. 
TB is a kind of really complex infectious disease with multiple etiology. As the 
disease with centuries of history, the pathogenesis of TB had been studying by 
researches world-wide. However, no consistent agreements of study results 
especially in genetics were made. The disease was said to be affected by the 
interaction between genetics and environment. Pathogen variation may be the cause 
of the barrier of finding susceptibility loci for a certain infectious disease. Even the 
different geographic region may make the M.TB pathogen genome display 
substantial variation. Thye et. al identified the susceptibility loci for TB in GWA 
studies in African population and the most significant SNP in this locus was 
rs4331426, which is located within a gene-desert region of a non-MHC locus. The 
significant result of this SNP was replicated in my study in Chinese population. It 
indicated that this SNP or other elements in LD with this SNP is likely to be a true 
predisposition locus and has effects across ethic groups. Further studies of this SNP 
is important to determine its real functional property. 
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CHB Phased Hapiotupes 丨 I I 
Fiffure 3.4.3 CHB Phased Haplotype display ofrs4331426 
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CHD Phased Haplbtypes , ' • • • • , J 
Fisure 3.4.4 CHD Phased Haplotype display ofrs4331426 
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Chapter 4 Genetic variants in 
granulomatous inflammatory diseases 
4.1 Introduction 
4.1.1 Granulomatous inflammation 
Granulomatous inflammation is a special type of chronic inflammation, which 
characterized by the presence of granulomas. Granuloma is a kind of compact, 
ball-like formation of epithelioid macrophages which may be seen in both infectious 
and non-infectious disease. They can limit the movement of microbial such as 
pathogen so as to keep the host from being infected. Granulomas are characterized 
by accumulations of blood-derived macrophages, multinucleated giant cells, 
epithelioid cells and T lymphocyte cells (Friedman, 2001). 
Acute inflammation is the primary mechanism to defense against and remove the 
invading infectious pathogens. If it doesn't work, a second mechanism will be carried 
out. This second line of defense in certain diseases takes the form of granulomatous 
inflammation. In a granuloma, the invading agents are circled in the isolated 
microenvironment, unable to move out. In infectious diseases, granulomas form 
when the invading material are not easily eliminated. In other situations, granulomas 
may be the results of autoimmune processes or other types of immune dysfunction 
(Zumla & James，1996). 
Macrophages are essential parts of the formation of granulomas. Once a 
macrophage phagocytoses certain foreign materials, some kinds of situation may 
happen. If the phagocytosed material is toxic, the macrophage will die. Or the 
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invading material is successfully killed by the macrophages. The macrophages will 
convert into a kind of long-lived form which persists in the tissue together with its 
intracytoplasmic load if the material is not toxic but can't be digested. Or the 
macrophages may transform to another cell type called epithelioid cells and fuse to 
form multinucleate giant cells. (Woolf, 1998) (Fisure 4.1.1). 
macrophage 
foreign material 
^ (e.g. bacteria, suture material) 
material toxic: phagocytosed phagocytosed epithelioid cell 
macrophage dies material material non-toxic transformation fusion with other 
killed/digested but cannot be with morphological macrophages to 
digested and persists signs of secretory form multinucleate 
activity giant cells 
Fisure 4.LI Possible results of encounters between macrophages and invading 
meterials (Woolf, 1998) 
Granulomas form on the basis that the macrophages transform in the forth way 
described above. Granuloma formation is a complex process. It may be divided into 
four phases: initiation, accumulation, effecter, and resolution (Schaaf & Zumla, 
2009). At first, macrophages migrate into the site of infection and induced to increase 
tumor necrosis factor (TNF) to initiate granuloma formation. In the presence of this 
TNF plus the IFN- Y produced by activated T helper cell type l(Thl), the 
macrophages become larger with epithelioid appearance and display increased 
lysosomal enzyme levels, which are called hypermacrophages. They fuse to form the 
center of a granuloma surrounding with additional hypermacrophages, 
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multinucleated giant cells and activated CD4+ and CD8+ T cells. Eventually, the 
central zone of the granuloma shows necrosis, which is described as caseous with 
cheesy appearance. The surrounding cells physically wall off the survival bacteria 
from spread out (DeFranco, et al., 2007). 
4.1.2 Diseases characterized by granulomatous 
inflammatory 
Granulomatous inflammatory diseases (GiDs) contain both infectious and 
non-infectious diseases. They include: 
Tuberculosis (TB), 
Crohn's disease (CD), 
Leprosy, 
Sarcoidosis (SA) 
In TB and leprosy, the mechanism of the formation of granulomas help to 
control the rapid replication of them and clear the pathogen, which may prevent the 
host from damaging the infected tissue, but sometimes only partially protective and 
cause chronic disease. Yet, in CD and SA, granulomatous inflammation appears to be 
totally deleterious to the host (Zumla & James，1996). 
4.1.2.1 TB 
TB is a typical granulomatous disorder with well-defined causal agents. 
Granuloma formation in various tissues is the pathologic hallmark of TB. The 
tuberculous granuloma is always the essential lesion of TB. Caseation necrosis in the 
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center of granulomas is always found in tuberculosis patients so it is characterized as 
a feature of the granuloma of TB (Woolf, 1998). Granuloma formation is an 
important event in the immune response against M.TB, the process of which is 
regulated by the immune system. CMI allows to produce specially coded T cells and 
the released lymphokines from them. Then the macrophages infiltrate and fuse to 
group together to form accumulation at the site of infection and then form the 
granulomas. Cytokines such as IL-2, IFN- Y, TNF- a，which are produced by Thl 
pathway have been found to contribute to the formation of granulomas in TB. 
A wide spectrum of granulomatous reactions can be seen in TB (Ridley & Ridley， 
1987). At one end of this spectrum, individuals with a compromised immune 
response develop a weak granulomatous response in which extensive tissue necrosis 
and large numbers of mycobacteria are present. At the other end, patients with 
paucibacillary forms of TB have granulomas characterized by presence of florid 
non-caseating granulomatous reactions containing few pathogens. Most patients fall 
in-between these two extremes (James & Zumla，1999) 
4.1.2.2 Crohn's disease (CD) 
CD is one of the inflammation bowel diseases (IBD) and characterized as a 
chronic autoimmune disease with non-infectious granulomatous inflammation of the 
intestines. The intestinal immune system has the response to balance the status of 
tolerance towards intestinal antigens and the ability to clear pathogens. CD happens 
probably due to the disruption of intestinal homeostasis and subsequently promote a 
poorly controlled intestinal mucosal autoimmune response (Xavier & Podolsky， 
2007). 
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CD is characterized as a non-infectious GiD, but it is still not known what causes 
the formation of granulomas of CD. Granulomatous inflammation can be present 
from the mouth to the anus, although it is most common in the ileal and cecal areas, 
especially found in the gut wall, usually form around broken crypts. The granulomas 
of CD have several kinds of morphologic appearance (Catala et al., 1992)^ However, 
they contain few giant cells and do not caseate, which is distinct from TB. 
Many clinical and experimental studies demonstrated that the disease is result 
from the interaction between genetic and environment factors (Sarra, Pallone, 
Macdonald, & Monteleone，2010; Strober, Fuss, & Mannon, 2007). Many 
environment factors may lead to the disease such as mucosal microflora, smoking, 
dietary. However, genetic factors might be more important. Many reported studies 
have suggested that genetic factors appeared to be critical in the pathogenesis of CD. 
Since the first epidemiological twin studies in 1988 (Tysk, Lindberg, Jamerot, & 
Floderus-Myrhed, 1988), the genetic factor of CD has been well studied. N0D2 gene 
discovered associated with CD in 2001 was a landmark of the genetic of the disease 
(Cavanaugh, 2001). Subsequently, more susceptibility loci have been found till now. 
It is demonstrated that genetic factors are critical in the pathogenesis of CD. 
4.1,23 Leprosy 
Leprosy is another bacteria infectious guranulomatous inflammatory disease 
caused by Mycobacterium leprae (M. leprae) and characterized as the second most 
important mycobacterial infection of humans. In leprosy, granulomas are found 
predominantly in skin and nerves. Leprosy is considered as following the 
person-to-person transmission with the respiratory tract and skin touch. M. leprae is 
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such a mild pathogen that the majority of the person exposed to it will not develop 
clinical disease. Even those who manifest the symptom of leprosy, 80% of them will 
heal spontaneously or with drug therapy (James & Zumla, 1999). 
Clinical spectrum of Leprosy can be divided into five parts according to the 
immunological and histological correlates of the disease, they are Tuberculoid 
leprosy (TT), borderline tuberculoid (BT), borderline (BB), borderline lepromatous 
(BL) and Lepromatous leprosy (LL). Two polar forms of the disease are TT and LL. 
TT is the characterized by good CMI with the production of Thl cytokines, low 
number of mycobacteria and few skin lesions while LL follows poor CMI with the 
production of Th2 cytokines. Abundant mycobacterial bacilli and many skin lesions 
can be found in LL (Zumla & James, 1989). 
4.1.2.4 Sarcoidosis (SA) 
SA is a multisystem granulomatous disease with unknown etiology. The 
hallmark of it is the presence of non-caseating granulomatous inflammation in 
various tissues. It is said to be mediated by Thl cytokine pathway which secret 
IL-1,2, TNF and IFN- Y and finally leads to the granuloma formation. In SA, the 
center of the granuloma is composed of epithelioid and giant cells and CD4+ Thl 
cells (Mishra, Poulter, Janossy, & James, 1983). The basic lesion in SA is a round or 
oval granuloma composed of well-organized radially epithelioid cells with pale 
staining nuclei, multinucleate giant cells and the rim of lymphocytes 
(Mihailovic-Vucinic & Sharma, 2005). The granulomas can be found in any organ of 
the patients although the lung is involved in more than 90% of them. 
The Kveim-Siltzbach (KS) skin test has been in use for the diagnosis of SA for a 
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long time. It is an easy, safe technique to confirm the disease and to prove the 
evidence of disease activity although it takes long time to get the test result. More 
important, the immunopathology of the KS test is similar to sarcoid granuloma 
formation, and may provide clues to the cause of SA even other granulomatous 
diseases (James & Zumla, 1999). 
4.1.3 Shared immune mechanisms in GiDs 
Granulomatous inflammatory disorders share some clinical and 
histopathological feathers, so they may still share common or similar immune 
pathways of pathogenesis. As published, both TB and CD trigger adaptive Thl and 
Thl7 cytokine responses to produce robust IFN- Y, IL-12 and IL-23 (Podolsky, 
2002). Similar immunomodulatory cytokines can be found in almost all of the 
granulomatous inflammatory disorders which may participate in the process of 
development of granulomas (James & Zumla，1999). Human lymph node biopsies 
from immunocompetent patients comparing the cytokine profiles of TB and sarcoid 
granulomas showed that many cytokine mRNAs were expressed in up-regulate 
amounts in both TB and SA (James & Zumla，1999). Besides, both of TB and CD 
appear to be associated with impaired innate immunity (Comalada & Peppelenbosch， 
2006; Korzenik, Dieckgraefe, Valentine, Hausman, & Gilbert，2005). 
4.1.4 Genome-wide Association Studies (GWAS) in GiD 
GWAS is one of the approaches of genetic association studies and it is the latest 
method nowadays. GWAS is an examination of all or most of the genes of different 
38 
individuals within a particular species to find out how much the genes vary from 
individual to individual. Different variants may associate with particular trait or 
disease in human. In the era of GWAS, a lot of susceptibility loci have been 
identified to be associated with certain disease. In GiDs, especially in CD described 
above, several candidate genes or SNPs have been found by GWAS. There will be a 
brief list of those studied genes in this thesis. 
4.1,4.1 IL-23R 
IL-23R gene is interleukin-23 receptor gene, which located on the short arm of 
chromosome 1 at position 31.3 (GenelD: 149233). The total length of the gene is 
about lOOkb long. IL-23R encodes the receptor of the proinflammatory cytokine 
IL23, which expressed on the surface of Thl7 cells and play critical role in inducing 
inflammation or autoimmune in many diseases. Recent published GWAS found it is 
associated with inflammation bowel disease (IBD) in European population (Duerr et 
al.，2006). 
4.L4.2 ATG16L1 
The full name of ATG16L1 gene is autophagy-related 16-like 1 gene. It is 
located on chromosome 2q37.1 (Gene ID: 55054) and consists of 17 exons. 
ATG16L1 gene is one of the members of the ATGl (autophage-related gene 1) family, 
which was the first identified gene associated with autophagy {Tsukada, 1993 
#37;Abraham，2009 #26}. Autophagy is an important immune mechanism against 
intracellular pathogens in macrophages which process in eukaryotic cells. It is 
39 
originally an ancient cell survival pathway which is induced by starvation or 
metabolic stress and helps to prevent bioenergetic failure. ATG16L1 gene has been 
found to be a susceptibility gene with CD by GWAS (Hampe et al., 2007) 
4.1.4.3 IRGM 
IRGM gene is called immunity-related guaiiosine triphosphatase M gene and 
located on chromosome 5q33.1 (Gene ID: 345611). This gene belongs to the p47 
immunity-relative GTPase family. IRG genes family has three genes,, which are 
IRGC, IRGQ, and IRGM. Only IRGM gene has been demonstrated as a functional 
gene in human (Bekpen et al, 2005). IRGM encoded protein may play a critical role 
in the innate immune response to deal with the intracellular pathogens mainly by 
regulating autophagy (Gutierrez, Master et al. 2004). Several SNPs have been 
identified to be associated with susceptibility to CD and TB (Deretic et al., 2009; 
Parkes et al., 2007; Prescott et al., 2010). 
4.1.4.4 ANXAll 
ANXAll gene is located on Chromosome 10q22.3 (Gene ID: 311). It belongs to 
the annexin family, a group of calcium-dependent phospholipid-binding proteins, and 
encodes Annexin Al l . Unique N-terminal domains and conserved C-terminal 
domains can be found in annexins. The encoded protein is a 56-kD antigen 
recognized by serum from patients with various autoimmune diseases 
(http://www.ncbi.nlni.nih.gov/gene/311). ANXAll gene is reported to have complex 
and important functions in several biological pathways, including apoptosis and 
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proliferation (Hofmann et al, 2008). In 2008，ANXAll gene was identified to be a 
new susceptibility locus for SA in Germany population (Hofinann, et al., 2008). 
4,1.4.5 STATs 
STATs is a kind of gene family named signal-transducer and activator of 
transcription. The proteins they encode are essential in cell pathways and gene 
transcription, and regulate the growth, survival and differentiation of cells. When the 
cytokines bind to their receptors, STAT family members are phosphorylated step by 
step to activate the transcription of certain gene in the nucleus. Thus, STAT proteins 
play a key role in a lot of cellular processes such as cell growth and immune 
responses (http://www.ncbi.nlm.nih.gov/gene/6774). 
4.1.5 Hypothesis of this part 
In this part, some susceptibility locus associated with GiDs other than TB 
identified by GWAS or other genetic studies are studied. Many evidence showed that 
the granulomatous inflammatory disorders share same immune responses and 
pathogenesis. So it may be a possible way to determine whether the positive genes or 
SNPs in other GiDs have similar susceptibility to TB. 
Hypothesis: GWAS identiHed susceptibility genes in other diseases 
characterized by granulomatous inflammation are also predisposition genes for 
TB. 
Objective: 
1. case-control studies of association between TB and seven genes totally 17 
41 
SNPs which have been identified in other GiDs by GWAS in Chinese population. 
2. Further analyze the case-only group to identify the association with clinical 
severity of TB as a secondary endpoint analysis (interaction analysis). 
4 2 
4.2 Material and Methods 
4.2.1 Case and control samples 
In this part, the studied genes were divided into three groups according to 
different pathways. The Table 4.2.1 listed the tagSNPs of susceptibility genes studied 
in this part and the number of case and control samples studied for each SNP. All of 
the case samples with confirmed TB were recruited from Hong Kong Chest Clinical. 
All of the TB patients had filled the clinical worksheet to provide the information of 
the patients. The worksheet contained two parts, first part was about the basic 
personal information of the patients such as sex, age, smoking status (never, 
ex-smoker or current smoker) and pervious BCG history. The second part of the 
questionnaire involved the disease severity of the patients such as whether it was 
pulmonary TB or extrapulmonary TB, whether sputum smear test showed positive 
result, whether there showed cavity in the lung and the extent of the lesion site. 
Peripheral blood samples were collected for further studies. The written consent 
forms had been received from all the participants. 
Control samples were still the Chinese healthy community elderly cohort. 
Ethnical approval has been obtained from all of them by both of The Chinese 
University of Hong Kong and Department of Health in 2002. 
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Table 4.2.1 SNP list of the genes studied in this part and number of case/control 
samples 
Gene SNP No. ^ Case No. Control No. 
rs744166 CAT ^ ^ 
以乃 rs3744483 OT ^ 640 
STAT5A rs7217728 C/T 640 640 
rs2230097 OT ^ S o 
STAT5B rsl696762Q OT ^ 640 
rsl049550 C/T ^ ^ 
rs7Q91565 m ^ 640 
rs4958847 C7f ^ ^ 
IRGM rsl3361189 OT ^ 960 
ATG16L1 rs2241880 C/T 960 960 — 
rs2201841 C/T 
rs6588245 C/T 1160 • 1280 
rsll209033 G/C 1160 1280 
IL23R rsll209031 A/C 1160 1280 
rsl0889657 C/T 1160 1280 
rsl 1805303 C/T 1160 1280 
rs7517847 GTY U ^ 1280 
4.2.2 DNA extraction 
Please refer to 3.2.2 
4.2.3 Tag SNP selection 
The bulk data of SNPs on certain chromosome was obtained from International 
HapMap project website (www.hapmap.org). The SNPs were then filtered, leaving 
those which were not non-polymorphic. SPSS 16 (SPSS Inc., Chicago, IL, USA) 
were used to estimate the factors as the criteria for the tagSNPs on the gene. The 
minor allele frequencies of the selected SNPs were at least 5% in Asians. 
In addition, some of the studied SNPs were suggested by GWAS which had been 
identified to be associated with GiDs. 
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4.2.4 Genotyping of tagging SNPs 
Please refer to 3.2.3 The primers sequences and the results of optimization were 
listed in Table 4.2,4.1-Table 4.2.4.7 
4.2.5 Statisitical analysis 
4.2.5.1 Primary analysist 
Primary endpoint analysis referred to the case-control studies here. Genotype 
distribution of candidate genes polymorphisms were measured for deviations by 
Hardy-Weinberg Equilibrium (HWE). The chi-square test was used to investigate 
whether there was possible association between the susceptibility loci and TB. 
P-value no more than 0.05 was considered statistically significant. The data were 
analyzed by using SPSS 16 (SPSS Inc., Chicago, IL, USA). 
4.2.5.2 Secondary analysis (interaction effects) 
Secondary endpoint data analysis was used to determine the severity of the TB 
here. In this method, the only samples need to be analyzed were the case samples. At 
first, the patient case samples were divided into two groups according to the age 
frequency distribution (Fisure 4.2.5.2). In the figure, two different peaks could be 
recognized clearly. This might suggest that the two groups of patients of different age 
might have different mechanisms of predisposition. 
In the secondary endpoint analysis, first, I excluded the case samples which were 
not Chinese ethnicity and pulmonary TB. Then, I conducted several factors which 
may indicate the severity of the disease, including smoking factor, BCG factor, 
45 
positive sputum smear factor, extent factor and presence of lung cavity. Besides the 
chi-square test, non-parametric test was involved to analyze the data here. For the 
positive results, a further haplotype determine step was added using Haploview 
software version4.2 (Barrett, Fry, Mailer, & Daly，2005). 
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4.3.1 Description of TB case samples 
Table 23A listed the outline statistics of the TB case samples in this study. The 
number of cases was 1109 within which 70% were male. The mean age of the 
samples was 48.2 years old. For the secondary endpoint analysis, the samples were 
divided into two age groups by the age 35 years old. The number of cases younger 
than 35 years old was about 30.8% of the all, with mean age of 25.8 years old. While 
the mean age of the older age group was 58.2 years old. The detail number and 
percentage of certain variables were all demonstrated in Table 4.3.1. 
Table 4.3.1 Description of TB case samples 
Variable All cases >35 yr 
1109 342(30.8%) 767 (69.2%) 
Age mean 48.2 yr 25.8 yr 58.2 yr 
“ 776 (70%) 183 (53.5%) 593 (77.3%) 
她 female 332 (30%) 159(46.5%) 173 (22.6%) 
Y 462 (41.7%) 287 (83.9%) 175 (77.2%)) 
B � C j history ^ 647 (58.3%) 55 (16.1%) 592 (22.8%) 
none 486 (43.8%) 208 (60.8%) 278 (36.2%) 
Smoking ex-smoker 288 (26.0%) 37 (10.8%) 251 (32.7%) 
current smoker 308 (27.8%) 89 (26%) 219 (28.6%) 
Positive Y 436 (39.3%) 133 (38.9%) 303 (39.5%) 
sputum smear N 673 (60.7%) 209 (61.1%) 464 (60.5%) 
Y 200(18.0%) 67 (19.6%) 133 (17.3%) 
�avi ty N 796 (71.8%) 247 (72.2%) 549 (71.6%) 
minimal 668 (60.2%) 222 (64.9%) 446 (58.1%) 
Extent moderate 283 (25.5%) 81 (23.7%) 202 (26.3%) 
advanced 94 (8.5%) 24 (7.0%) 70 (9.1%) 
phase I 976 (88%) 333 (97.4%) 643 (83.8%) 
phase II 125 (11.3%) 6(1.8%) 119(15.5%) 
(^aseate phase III 6 (0.5%) 2 (0.6%) 4 (0.5%) 
phase IV 2 (0.2%) 1 (0.3%) 1 (0.1%) 
55 
4.3.2 Primary endpoint case-control results 
43.2.1 Association of the SNPs on STATs, ANXAll and IL23R genes 
with TB 
There were five SNPs on three STATs genes, two SNPs on ANXAll gene and 
seven SNPs on IL23R gene in this study. The genotype and allele frequency of all the 
seventeen SNPs were listed in Table 4.3.2.L1 compared with CHB frequency data 
from HapMap. All of the genotype results were abided by Hardy-Weinberg 
Equilibrium (HWE) with HWE p-value larger than 0.05. The case-control study 
results of all the susceptibility loci including p value and corresponding Odds Ratio 
were shown from Table 4.3.2.1.2 to Table 4.3.2.1.8. None of the p value of the 
case-control studies of all the studied SNPs on three genes was smaller than 0.05， 
which indicated that no association had been found of these SNPs with the risk of 
TB. 
4.3.2,2 Association of the SNPs on autophagy genes IRGM and 
ATG16L1 with TB 
Two SNPs on IRGM gene and one SNP on ATG16L1 gene were examined in this 
study. Table 4.3.2.2.1 showed the genotype and allele frequency of the three SNPs. 
All of the HWE p values were larger than 0.05. No significance was found in the 
case-control study of the SNPs on IRGM gene (data shown in Table 4.3.2.2.6) while 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.3.3 Secondary endpoint case-only studies results 
Secondary endpoint studies focused on TB case-only samples to investigate the 
severity of the disease according to certain disease relative factors. In this study, five 
factors were involved. 
4,3.3,1 Patient age frequency distribution 
Table 4.3.3.1 listed the age frequency and the cumulative percentage. The first 
30% of the TB patients were defined as early-onset patients. The data in the table 
indicated that 35 yr was the cut-off line of the younger age group. The bimodal of the 
age frequency distribution was shown in Fisure 4.2.5,2. 
Bin Frequency Cumulative % 
5 0 0.00% 
10 1 0.07% 
15 14 1.04% 
20 62 5.36% 
25 129 14.35% 
30 136 23.82% 
35 100 30.78% 
40 102 3 7 . 8 8 % 
45 112 45.68% 
50 126 54.46% 
55 131 63.58% 
60 105 70.89% 
65 91 77.23% 
70 114 85.17% 
75 98 91.99% 
80 65 96.52% 
85 34 98.89% 
90 10 99.58% 
95 3 99.79% 
100 3 100.00% 
More 0 100.00% 
Table 4.3.3.1 Age frequency and cumulative date of TB cases 
6 7 
4.3.3.2 BCG history 
Whether the patient has received the BCG vaccination was confirmed by the 
clinical worksheet completed by the patients themselves. The data were collected for 
both of the age groups and the total sample as well. The results of p value compared 
of positive and negative vaccination in each age group were listed in Table 4.3.3.2.L 
As this was a secondary endpoint analysis, in order to be conservative, the significant 
p value cut-off value should be lower than 0.05. Here I defined it as 0.02. On this 
point, the SNP rsl049550 on ANXAll gene reached the significant level (p=0.017) 
when the patients were younger than 35 years old while others didn't. Detailed cases 
numbers of each group were listed in Table 43.3.2.2. 
4.3.3.3 Smoking status 
Smoking status included never smoker, ex-smoker and current smoker in the 
clinical worksheet. Table 4.3.3.3 shown the p values of all the SNPs studied in each 
age group. However, no significance had been found. 
4.3.3.4 Positive sputum smear 
Positive sputum smear was one kind of test results of the clinical diagnosis. 
Table 4.3.3.4.1 listed the p values of compared the positive test results with the 
negative ones in two age groups together with the all age cases. The table showed 
that both of the two SNPs rsl049550 and rs7091565 on ANXAllgene in this study 
obtained the p value around or lower than 0.02 (rsl049550 p=0.021; rs7091565 
p=0.009) in the early-onset age group. Detailed cases numbers of each group were 
68 
listed in Table 4.3.3.4.2. 
4.3.3.5 Extent of disease 
Extent of the disease in this study was divided into three phases, minimal, 
moderate and advanced. P values were calculated using non-parametric test by SPSS 
and listed in Table 4.3.3.5. No SNP appeared to be associated with extent of the 
disease in this study. 
4.3.3.6 Cavity positive 
Cavity is one of the index for the severity of TB. The study also investigated the 
association between the SNPs and whether the patients had cavity. The results could 
be seen in Table 4.3.3.6.1. One distinct significance was on SNP rsl 1209033 of 
IL23R gene for the early-onset age group (p=0.002). For this SNP, the p value of all 
cases was 0.024 which showed borderline significance. Still on IL23R gene, another 
two SNPs rsl 1805303 and rs7517847 of early-onset age group attained the p value of 
0.026, could also be considered as significant results. None of the three SNPs on 
IL23R in older age group manifested significances (rsl 1209033 p=0.436; rsl 1805303 
p=0.597; rs7517847 p二0.426). Detailed cases numbers of each group were listed in 
Table 4.3.3.6.2. 
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Table 4.3.3.2.1 Association between studied SNPs and BCG history in different age 
groups 
BCG history p value 
Gene ^ All cases <=35 yr >35 yr 
STAT3 rs744166 0.837 0.464 0.709 
rs3744483 0.786 0.117 0.055 
STAT5A rs7217728 0.680 0.267 0.599 — 
STAT5B rs2230097 O T ^ 0.028 
rsl6967620 0.870 0.729 0.147 
ANXAll rsl049550 0.537 0.017 0.390 
rs7Q91565 0.654 0.387 0.328 
IRGM rs4958847 OaE 0.072 
rsl3361189 0.946 0.978 
ATG16L1 rs224188Q 0.185 0.499 0.770 — 
IL23R rs2201841 0.452 0.913 0.757 — 
rs6588245 0.682 0.541 • 0.759 
rsll209033 0.621 0.839 0.371 
rsll209031 0.858 0.450 0.681 
rsl0889657 0.814 0.940 0.707 
rsll805303 0.383 0.763 0.377 
rs7517847 0.259 0.819 0.339 
7 0 
Table 4.3.3,2.2 Details of case numbers in the SNPs showing significant association 
in the previous table 
N(%) <=35 yr N (%)* 
history all cases <=35 yr >35 yr 
rsl049550 CC | CT | TT — 
V ^ 1 0 5 1 1 76 93 
Y � (63.2%) (36.8%) (6.1%) (42.2%) (51.7%) 
M ^ 408 8 12 ^ 
^ (90.50/0) (18.6%) (27.9%) (53.50/0) 
p value 0.537 0.017* 0.390 p=0.017 
* Only the genotype distribution of the significant interaction groups is shown 
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Table 4.3.3.3 Association between studied SNPs and smoking status in different age 
groups 
Smoking status p value 
Gene SOT All cases <=35 yr >35 yr 
STATS rs744166 0.618 0.905 0.257 
rs3744483 0.575 0.179 0.670 
STAT5A rs7217728 0.443 0.099 0.264 
STAT5B rs2230097 0.910 0.784 0 ? ^ 
rsl696762Q 0.252 0.146 0.315 
ANXAll rsl049550 0.398 0.117 0.702 
rs7091565 0.302 0.225 0.917 
IRGM rs4958847 0.459 0.214 0.478 
rsl3361189 0.936 0.447 0.774 
ATG16L1 rs224188Q 0.915 0.689 0.760 ~ 
rs2201841 0.996 0.399 0.782 
rs6588245 0.812 0.657 • 0.443 
rsll209033 0.343 0.248 0.402 
rsl 1209031 0.447 0.179 0.638 
rsl0889657 0.701 0.354 0.267 
rsl 1805303 0.720 0.804 0.618 
rs7517847 0.783 0.739 0.596 
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Table 4.3.3.4.1 Association between studied SNPs and sputum smear positive in 
different age groups 
Positive sputum smear p value 
Gene SNP All cases <=35 yr >35 yr 
STATS rs744166 0.033 0.173 0.032 
rs3744483 0.627 0.968 0.636 
STAT5A rs7217728 0.865 0.832 0.802 
STAT5B rs2230097 0.381 0.855 0.308 
rsl696762Q 0.678 0.194 0.986 
ANXAll rsl049550 0.392 OLOZI 0 ? ^ 
rs7091565 0.118 0.009 0.685 
IRGM rs4958847 0.929 0.733 0.752 
rsl3361189 0.653 0.775 0.359 
ATG16L1 rs2241880 0.676 0.896 0.726 
IL23R rs2201841 0.282 0.057 
rs6588245 0.462 0.070 • 0.856 
rsll209033 0.658 0.266 0.611 
rsl 1209031 0.520 0.331 0.833 
rsl0889657 0.938 0.444 0.761 
rsll805303 0.191 0.087 0.554 
rs7517847 0.921 
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Table 4.3.3.4.2 Details of case numbers in the SNPs showing significant association 
in the previous table 
Sputum I N(%) <=35vrN(%)* 
smear all cases <=35 yr >35 yr � 
rsl049550 “ CC | CT | TT 
Y 300 | 9 4 ( 3 1 . 3 % ) | ( 6 g z 。） 7 ( 7 . 4 % ) ⑵之呂 ^ ) 
129 307 12 60 57 
i j (29.6%) (70.4%) (9.3%) (46.5%) (44.2%) 
p value 0.392 0.021* 0.783 p=0.021 
rs7091565 “ CC | CT | T f ~ ~ 
42 ^ n 
Y 310 97(31.30/0) (68.70/0) (43.30/0) (45.40/0) (11.30/0) 
“ IM ^ ^ 76 2 5 ^ 
(29.3%) (70.7%) (24.6%) (56.7%) (18.7%) 
p value 0.118 0.009* 0.685 p=0.009 
* Only the genotype distribution of the significant interaction groups is shown 
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Table 4.3.3.5 Association between studied SNPs and extent of disease in different 
age groups 
Extent of disease p value 
Gene SOT All cases <=35 yr >35 yr 
STAT3 rs744166 0.689 0.472 0.186 
rs3744483 0.190 0.430 
STAT5A rs7217728 0.967 0.335 0.625 
STAT5B rs2230097 0.445 0.301 0.694 
rsl6967620 0.901 0.164 0.511 
^ANXAll rsl049550 
rs7Q91565 0.100 0.763 
IRGM rs4958847 0.356 0.759 0.182 
rsl3361189 0.173 0.287 0.462 
ATG16L1 rs2241880 0.954 0.161 0.421 
IL23R rs2201841 0.765 0.736 0.837 
rs6588245 0.051 0.531 • 0.074 
rsl 1209033 0.966 0.404 0.504 
rs 11209031 0.613 0.629 0.730 
rsl0889657 0.631 0.847 0.566 
rsll805303 0.136 0.481 0.215 
rs7517847 0.102 0.368 0.148 
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Table 4.3.3,6.1 Association between studied SNPs and cavity positive in different 
age groups 
Cavity positive p value 
Gene SNP All cases <=35 yr >35 yr 
STAT3 rs744166 0.683 0.791 0.668 
rs3744483 0.709 0.805 0.487 
STAT5A rs7217728 0.060 0.493 0.051 
STAT5B rs2230097 0.290 0.289 0.503 
rsl696762Q 0.746 0.360 0.977 
ANXAll rsl049550 0.764 0.096 
rs7Q91565 0.462 0.110 0.965 
IRGM rs4958847 0.444 0.638 0.138 
rsl3361189 0.546 0.734 0.719 
ATG16L1 rs224188Q 0.542 0.500 0.424 
IL23R rs2201841 0 ? ^ 0.509 0.988 
rs6588245 0.905 0.088 . 0.471 
rsl 1209033 0.024 0.002 0.436 
rsll209031 0.412 0.152 0.798 
rsl0889657 0.554 0.055 0.946 
rsll805303 0.270 0.026 0.496 
rs7517847 0.026 0.410 
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Table 4.3.3.6.2 Details of case numbers in the SNPs showing significant association 
in the previous table 
N(o/o) 
Cavity <=35 yr >35 yr < 御 綱 * 
cases 
rsll209033 “ GG | GC | CC 
V ^ 17 16 23 
V (34.1%) (65.9%) (30.4%) (28.6%) (41.1%) 
“ ^ 466 ^ m 46 
N • (31.1%) (68.9%) (25.2%) (52.9%) (21.9%) 
p value 0.024 0.002* 0.436 p=0.002 
rsll805303 CC | CT | TT~~ 
V i ^ n ^ 2 0 21 13 
^ • (33.3%) (66.7%) (37.0%) (38.9%) (24.1%) 
“ ^ ^ 4M 41 ^ ^ 
^ 的 2 (31.4%) (68.6%) (19.7%) (47.1%) (33.2%) 
p value 0.695 0.026* 0.597 p=0.026 
rs7517847 “ GG 丨 GT | TT 
V ^ 18 21 15 
V 上 � (33.1%) (66.9%) (33.3%) (38.9%) (27.8%) 
“ ' Z 208 ^ ^ ^ 
^ ⑷丄 (31.0%) (69.0%) (16.8%) (46.6%) (36.5%) 
p value 0.704 0.026* 0.426 p=0.026 
* Only the genotype distribution of the significant interaction groups is shown 
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4.3.4 Haplotype analysis 
4,3.4,1 Haplotype analysis on ANXAll gene 
As both of the two SNPs rsl049550 and rs7091565 on ANXAll gene were 
significantly associated with positive sputum smear factor in early-onset age group, a 
haplotype analysis was conducted on these two SNPs. The results were shown in 
Table 4.3.4.1.1, four common haplotypes were composed by these two SNPs on 
ANXAll gene and C-T, T-C and T-T haplotypes existed in almost 80% of all 
haplotypes in the population. C-T and T-C haplotypes got the p value of 0.0084 and 
0.012 respectively, which appeared to have significances even after permutation test. 
Table 4.3.4.1.2 listed the number of cases and controls with C-T haplotype. The 
OR of the C-T compared to non-C-T haplotype was 1.68，suggesting that C-T might 
be the risk genotype in this gene. While the haplotype T-C was the protective one 
with OR of 0.58 (Table 4.3.4.1.3). 
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Table 4.3.4.1.1 Haplotype association of the ANXAll gene in the case-only samples 
of early-onset age group 
ANXAll ^ ^ , , p-value 
, o Case Control , 以 (rsl049550 & . . p value after 
rs7091565) frequency frequency permutation 
C-T 0.642 0.520 0.0084 0.0257 
T-C 0.210 0.314 0.0120 0.0378 
T-T 0.131 0.152 0.5226 0.8830 
C-C 0.017 0.014 0.7756 0.9999 
% • 
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Table 4.3.4.1.2 number of case/control and the OR of haplotype C-T 
caseN control N OR (95%CI) 
C-T 125 141 1.68 (1.15-2.46) 
non-C-T ^ m 
Table 4.3.4.13 number of case/control and the OR of haplotype T-C 
caseN control N OR (95%CI) 
T ^ 41 ^ 0.58 (0.38-0.89) 
non-T-C 
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4,3.4,2 Haplotype analysis on IL23R gene 
Three SNPs rsll805303, rs7517847 and rsll209033 had been demonstrated 
independently associated with cavity positive factor for the early-set age group in the 
previous case-only analysis. Then the following haplotype investigation was 
conducted. From Table 4.3.4.2.1 we could see that C-G-C haplotype which consisted 
37.3% of all the haplotypes obtained p value of 0.0194. However, the p value after 
permutation test was just around 0.06. So this haplotype might be associated with 
cavity positive factor for those who were less than 35 years old. 
Table 4.3.4.2.2 listed the number of cases and controls with C-G-C and 
non-C-G-C haplotypes. The OR of the C-G-C compared to non-C-G-C haplotype 
was 1.65, suggesting that C-G-C haplotype on IL23R gene might bring the 1.65 times 
risk of others to form the cavity. 
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Table 4.3.4.2.1 Haplotype association of the IL23R gene in the case-only samples of 
early-onset age group 
IL23R 
i r s l ! f � 5 二 Case Control Overall , P—v广 ^  
& rs7517847 „ „ . p value after 
& frequency frequency frequency ^ per 腿 tation 
rsll209033) 
C-G-C 0.459 0.340 0.373 0.0194 0.0637 
T-T-G 0.370 0.443 0.425 0.1693 0.4042 
T-T-C 0.067 0.117 0.100 0 .1274 0.5201 
C-G-G 0.074 0.065 0.069 0.7131 0.9982 
C-T-C 0.027 0.027 0.025 0.9768 1.0000 
Table 4.3.4.2.2 number of case/control and the OR of haplotype C-G-C 
caseN control N OR (95%CI) 
C ^ ^ ^ 143 1.65 (1.08-2.52) 
non-C-G-C ^ ^ 
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4.4 Discussion 
4.4.1 ATG16L1 gene with TB susceptibility 
Case-control studies had been conducted in 17 SNPs in this part. However, none 
of the SNPs had been found associated with the disease except SNP rs2241880 on 
ATG16L1 gene, although this SNP only shown the borderline significance with p 
value of 0.045. 
ATG16L1 is an autophage related gene located on chromosome 2q37.1. A 
genome-wide association scan identified a susceptibility variant for CD in ATG16L1 
in UK especially the SNP rs2241880 (Hampe, et al., 2007). Another study on 
investigating the association between CD and childhood-onset patients also found the 
importance of the SNP rs2241880 (Gazouli et al” 2010). In this part of our study, I 
got the statistically significant result between the SNP and TB in Chinese population. 
Both of TB and CD are GiDs. As they may share the same or part of the biological 
pathway especially in granuloma formation, the case-control results of this part 
might provide some evidence to support our hypothesis. However, due to the weak 
statistical significance, it cannot be considered to be a piece of strong evidence. 
4.4.2 Associations in case-only studies (Interaction effects) 
4.4.2.1 Age and pathogenesis of TB 
Age might be an important affect factor of pathogenesis of TB. The mortality, 
morbidity and disease severity varies between different age groups. Fisure 4A.2.1 
(Tsukamoto et al., 2009) illustrated the general relationship between the age and TB 
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incidence in both of male and female. As the new-bom infants haven't established 
mature immune system, they may be the risk age group of developing TB. However, 
the incidence became less as the vaccination of BCG. From about 15 years old, the 
risk is rapidly increased until about 30 years old. This period is called adult-type 
disease or post-primary TB, with the feature of tissue destruction and lung cavitation 
(Marais, Donald, Gie，Schaaf, & Beyers, 2005). With the increase of age, the 
immune system may deteriorative. So dysfunction of both humoral and cellular 
immune functions may be the major cause of the development of TB in elderly 
people (Tsukamoto, et al., 2009). Age might affect the pathogenesis of the disease a 
lot, thus, it has certain significance to study the disease in different age groups. 
700 n • Male 
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Figure 4,4.2.2 Age-related and sex-related incidence of tuberculosis (Tsukamoto, et 
al” 2009) 
4,4.2,2 ANXAll gene and positive sputum smear 
Detection of M.TB in sputum is a normal way of clinical test for the TB 
susceptible patients to determine whether they have been infected with M.TB. The 
test is based on ZN fast-acid stain and microscopy technology. It is demonstrated as 
an easy, fast, save and economical method to identify the clinical M.TB infection and 
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are using world-wide especially in developing countries. A patient with positive 
smear might suggest that they are also weak in immune bacteriostatic response, so 
that M.TB are not contained well in granulomas. 
ANXAll gene has been confirmed by GWAS as a susceptibility locus for SA 
(Hofmann, et al., 2008), a kind of granulomatous inflammatory disorder which had 
been introduced in chapter 4.L2.4. The SNP rsl049550 had been emphasized in their 
publication. Another independent replication study verified the association between 
the gene and SA (Li, Pabst，Kubisch, Grohe, & Wollnik，2010). 
In this part of the study, both of the two selected SNPs on ANXAll genes 
(rsl049550，rs7091565) manifested significant interaction effect when compared 
between the positive sputum smear and negative one in early-onset age groups with p 
value around and lower than 0.02. But in another age group which was older than 35 
years old and the whole case samples, no significance was shown. According to 
Fisure 4.2.5.2, the age frequency of the case samples followed a bimodal system 
with two peaks. This indicated that the two age groups might have different 
mechanism of predisposition. This might account for the result why the early-onset 
age group showed significance while the older age group didn't. Haplotype analysis 
further confirmed the significant results in subsequent statistical analysis. The p 
values of two haplotypes were lower than 0.05 even after 10,000 times permutation 
test. About 64.2% of the positive sputum smear results in TB patients had the 
haplotype C-T while 52.0% of the negative sputum smear results in TB patients had 
it. So, the haplotype C-T could be the risk haplotype for positive sputum smear in TB 
patients. Similarly, another haplotype T-C could be found in 21% of the TB patients 
who got positive sputum smear while about 31.4% of the negative smear patients 
were found to have this haplotype. So we could say that the haplotype T-C, which 
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was complementary of the haplotype C-T, might be protective haplotype for positive 
sputum smear. 
ANXAll gene is an autophage related gene as it is also predisposed to SA. In SA, 
one kind of hypothesis suggested that it was caused by defective phagocytic control 
of an unknown pathogen, it might also be a valid hypothesis for TB. Once infected 
with M.TB, the M.TB will be phagocytosed by the macrophages of the host. 
However the macrophages are not able to kill the invading bacilli and allow them 
survive and replicate inside the macrophages. Finally, the macrophages are killed by 
the doubling growing M.TB and break to release the active M.TB, which may lead to 
positive sputum smear results. 
4,4.2.3 IL23R gene and cavity presence 
When TB extends its pathology, it might lead to extensive tissue damage and 
forms cavity of the lung. Therefore, cavity is considered as an index of the severity 
of the disease. The cavity is a hole usually on the surface of the upper lung and can 
be seen on the chest X-ray. Pulmonary cavity formation may cause the spread of 
M.TB bacilli and it also make the patient infective to other people (Dannenberg, 
2009). So the existence of the cavity might be an indicator of extent of tissue damage 
as a result of host immune response of TB. 
IL23R gene encodes the receptor of IL23. It contributes to many immune 
pathways especially the pathway of anti-intercellular bacteria. IL23R gene had been 
found as a susceptibility gene associated with IBD in European population by GWAS 
(Duerr, et al., 2006) and found the variant rsl 1209026 conferred strong association 
with CD. As rsl 1209026 is not polymorphic in Chinese population, we substituted it 
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by another tagSNP rsl 1209033 in this study together with other six SNPs cover the 
whole gene. In the secondary endpoint study of this gene, three SNPs had been found 
associated with the cavity existence (Table 4.3.3.6.T). Except for rsl 1209033，which 
showed significance in all cases, all of the three SNPs displayed association in 
early-onset age group only. It might indicate that TB patients who are less than 35 
years old may have higher risk to develop cavity on the surface of the lung. 
Furthermore, haplotype analysis indicated that the haplotype C-G-C of the three 
SNPs (rsl 1805303, rs7517847 and rsll209033) was found in 45.9% of the TB 
patients who had cavity positive in the young age group. So it might be the risk 
haplotype for the TB patients who are younger than 35 years old. 
The possible mechanism may be as follows. IL23R gene is an immune relative 
gene which involved in the cell-mediated immune response. The increased amount of 
IFN- Y , which secreted during the host immune response, was induced by the 
interaction between the IL-23 pathway. Therefore, polymorphisms in IL23R might 
affect the intensity of IFN Y response and higher response may lead to the damage 
of the tissue and finally result in cavity formation. 
However, the limited sample number of early-onset patients with cavity (<100) 
will make the statistic result less robust and powerful. Future studies with large 
sample of early-onset patient are required to confirm these results. 
4,4.2.4 ANXAll gene and BCG vaccination 
BCG is a well-received vaccine against TB world-wide. New bom infants are 
suggested to take the vaccine in almost all of the countries especially those high 
endemic areas of TB. They can better protect them from catching serious TB 
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infection to some extent. BCG proved to be essential in controlling the progressive 
primary TB of infants while it shows less effect on adults according to various 
factors. 
In this part of the study, BCG factor has been found to be associated with SNP 
rsl049550 on ANXAll gene in the younger TB case patients. Still, no significance 
was shown in older patients group. As the effect of BCG factor depends on assorted 
conditions such as geographical environment, frequency of TB contact, genetic 
differences in BCG strains, etc, the result of the experiment may be affected due to 
the case samples selection or other factors. 
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Chapter 5 Studies in the chemokine-gene 
cluster and a miRNA SNP study 
5.1 Introduction 
5.1.1 Genetic susceptibility to TB in familial cases 
Genetic variation may contribute more or less to some diseases, for example TB 
here. Pervious studies on twins suggested that monozygotic twins were more likely 
to develop TB together or together not than dizygotic twins (Blackwell, et al., 2003; 
Jepson et al., 2001), which indicated a probably genetic trait of predisposition to TB. 
Familial linkage studies have identified several susceptibility loci of strong 
effect in highly vulnerable families. The familial form of infection can be caused by 
the deficiency or defects in one of the genes involved in immune pathways. However 
this kind of infection is rare, but it really provided the idea that familial based genetic 
risk factors can result in the development of TB. 
5.1.2 Familial studies suggested linkage at 17qll.2 
Previous familial studies indicated chemokine gene or genes in the chemokine . 
cluster region in chromosome 17qll.2 might be responsible for susceptibility to 
mycobacterial diseases such as TB or leprosy in northeastern Brazil (Jamieson et al, 
2004). Family-based allelic association study suggested significant associations with 
TB susceptibility at four loci with intervals {NOS2A - 8.4Mb - CCL18 - 32.3kb -
CCL4 - 6.04Mb - STAT5B). Blackwell et. al presented the evidence of linkage in the 
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same region for another intracellular pathogen called visceral leishmaniasis and 
pointed out that both of the mycobacteria infection and leishmaniasis were associated 
with the same genetic locus in animal model (Blackwell, et al., 2003). In this study, 
several chemokine genes were analyzed their predisposition to TB in Chinese 
population. 
5.1.3 Chemokines 
Chemokines are a family of small cytokines or proteins secreted by cells whose 
main function is as chemoattractants. They play important roles in signaling 
transduction and chemotaxis in the immune response. Chemokines can be divided 
roughly into two kinds, inflammatory chemokines and lymphoid chemokines. 
Structurally, they can be divided into CC chemokines and CXC chemokines based on 
the relative positions of two highly conserved cysteine residues in the amino-terminal 
region of the protein (DeFranco, et al., 2007). 
Chemokines act on cells through the chemokine receptors which are G-protein 
-linked transmembrane receptors called seven-transmembrane G-protein-coupled 
receptors. The receptors are usually on the surface of the cells. 
Chemokines are essential in immune system. They were reported to have their 
roles in response to infection through a cytokine-to-chemokine-to-cytokine signaling 
cascade in innate and adaptive immune response (Glass, Rosenberg, & Murphy， 
2003). In TB, chemokines together with cytokines may form the tubercle granuloma 
by recruitment of immune cells to the site of mycobacteria infection (Sadek, Sada, 
Toossi, Schwander, & Rich, 1998). 
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5.1.4 Studies of SNP rs2910164 of microRNA-146a 
(miRNA-146a) 
MiRNAs were known to be an important gene regulator participated in many 
aspects of biological processes. SNP may change the expression of miRNA and 
subsequently alter its biological function. MicroRNA-146a has been demonstrated in 
several studies about its function role in the immune response. It was reported to be a 
modulator of IL-2 expression (Curtale et al., 2010). And miRNA-146a feedback 
inhibits the RIG-I-dependent Type-I IFN production in macrophages(Hou et al” 
2009). Furthermore, miRNA-146a has been published to be associated with various 
cancers or disorders such as breast cancer (Shen et al., 2008)，prostate cancer (B. Xu 
et al.，2010)，ovarian cancer (Pastrello, Polesel, Delia Puppa, Viel, & Maestro, 2010), 
and hepatocellular carcinoma (T. Xu et al., 2008). SNP rs2910164 is located within 
the stem-loop region of the pre-miR-146a (Jazdzewski et al., 2008; T. Xu, et al., 
2008). In this part of the study, SNP rs2910164 of miR-146a was studied for its role 
in pathogenesis and predisposition to TB in Chinese population. 
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5.2 Material and methods 
5.2.1 Case and control samples 
I 
In the study of chemokine genes, 279 TB patients and 320 healthy controls were 
involved, which were part of the samples used in chapter 3. So details information of 
the case and control samples might refer to chapter 3.2.1. For miRNA-146a SNP, 
totally 1160 TB samples were used. Table 5,2.1 listed the genes and SNPs 
investigated in this part. 
Table 5.2.1 Number of samples used in this part of the study 
Gene SNP No. SOT CaseN Control N 
CCL3 rsl719134 A/G 279 320 
rs885691 ATG ^ ^ 
rsl2602707 G/T ^ 320 
CCLll rsl86Q182 C/T 279 320 
CCL16 rsl6971746 C/T 279 320 
miR-146a rs291Q164 G/C 1160 3840 — 
5.2.2 DNA extraction 
Samples were collected from the peripheral blood samples donated by volunteers 
and stored for DNA extraction using traditional phenol-chloroform DNA extraction 
methods. Details protocol might refer to chapter 3.2.2. 
5.2.3 TagSNP selection 
Please refer to 4.2.3 
9 2 
5.2.4 Genotyping of tagging SNPs 
The detailed procedure of genotyping please refer to 3.2.4. The optimization 
results and primer set of each SNP are listed in Table 5.2.4.1-Table 5.2.4.3 
5.2.5 PCR-RFLP 
Three of the five SNPs in this part were genotyped using polymerase chain 
reaction-restriction fragment length polymorphism (PCR-RFLP) method. They were 
rs885691, rsl2602707 and rsl6971746. 
Optimization was performed before each PGR in order to decide the suitable 
annealing temperature of each pair of the primers. The temperature range of the 
optimization was from 53 °C to 65 °C. 
PGR reaction was set in total 12.5ul volume with 5ul (~15ng) genomic DNA of 
samples, 1.25ul lOXTaq buffer with KCl (Fermentas), 0.25ul dNTP mixture, 0.5ul 
(lOuM) of both forward and reverse primers, lul Mg2+ and 0.06ul (0.3U) Taq DNA 
polymerase (Fermantas). PGR was then preformed in a thermal cycler with starting 
denaturation temperature at 95 °C for 5 min. Then run into 35 cycles of denaturation 
at 95 for 30s，annealing at its best suitable temperature got from optimization for 
45s and elongation at 72°C for 30s. After the circles, an extension elongation step at 
72 °C for 7 min was added. The detailed information of primer design and the results 
of optimization were listed in Table 5.2.5.1- Table 5.2.5,2. 
The PGR products then were taken to perform the restriction enzyme digestion. 
After choosing the restriction enzyme, the mixture of the reaction involved 7ul PGR 
product, 1.4ul lOXbuffer, 3U restriction enzyme (New England Biolabs), and if 
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required, 0.14ul BSA was needed. The total volume of the reaction was 14ul. The 
mixture were digested into 37°C overnight (less than 15 hours) for further gel 
running. 
5ul of the digested products were then added to the wells of 4% (w/v) agarose 
gel containing ethidium bromide together with 1.5ul loading buffer. Ikb marker 
(invitrogen), positive and negative controls were added as indicator. After running for 
about 20 min at 150V in an Embi Tec (San Diego, USA) electrophoresis cell, the 
digested bands could be seen with the help of the UV-light. 
The PCR reaction and restriction enzyme digestions were both preformed in 
96-well plate in assistance with Biomek 2000 robotic system. Eighty-eight samples 
and controls were conducted experiments together in one time. 
5.2.6 Statistical analysis 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5.3.1 PCR-RFLP results of the three SNPs 
Optimization was used to estimate the best annealing temperature of the PCR for 
a certain primer. Equal volume of PCR products of each temperature were added into 
wells of agarose gel. From Fisure 5.3.1.1, we can find that the band of PCR product 
of 60°C gave the brightest signal. So this temperature was the most suitable one for 
this primer set. 
Fisure 5.3.1.1 Gel running of primer optimization results 
The bands on Fisure 5.3.1.2 showed part of the results of SNP rsl2602707 
analyzed on 4% agarose gel with ethidium bromide. Three kinds of signals 
represented three types of genotypes, which were GG with smaller single band size, 
GT with double bands and TT with larger single band size. 
100 
138 hp 襄 I ^ ^ J J J U 1 3 4 h p 
Fisure 5.3.1.2 Identification of rsl2602707 genotypes analyzed on 4% agarose gel 
containing ethidium bromide. The marker was Ikb DNA ladder. 
Fi2ure 5.3.1.3 demonstrated part of the results of SNP rs885691. Three types of 
genotypes could be resolved clearly on 4% agarose gel with ethidium bromide. For 
this SNP, 119 bp single band represented the homozygous GQ 142 bp single band 
meant the genotype AA and the double bands indicated the heterozygous GA. 
142 bp “ f _ 1 5 4 bp 
119 bp ’. • 乂 : L 、 餘 1 拟 bp 
•輕 TwimiuiffffjmminBi B i f t d l t g H I M W l M f 
Fi2ure 5.3.L3 Identification of rs885691 genotypes analyzed on 4% agarose gel 
containing ethidium bromide. The marker was Ikb DNA ladder. 
Fisure 5.3.1.4 was the example results of the SNP rsl6971746 analyzed on 4% 
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agarose gel adding ethidium bromide. Three distinguish band types clearly 
represented the genotypes of this SNP in different samples. Compare with Ikb 
marker and the positive control (not shown), we could easily get the genotype result 
TT, CC or TC of each sample. 
• • • • 
Fisure 5.3.1.4 Identification of rsl6971746 genotypes analyzed on 4% agarose gel 
containing ethidium bromide. The marker was Ikb DNA ladder. 
5.3.2 Description of TB case samples 
In this part of the study, the number of validated cases was 171 within which 
65.7% were male. The mean age of the samples was 49.46 years old. For the 
secondary endpoint analysis, the samples were divided into two age groups by the 
age 35 years old. The number of cases younger than 35 years old was about 30.4% of 
the all, with mean age of 25.44 years old. While the mean age of the older age group 
was almost 70 years old. The detail number and percentage of certain variables were 
all demonstrated in Table 5,3.2 
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Table 5.3.2 Description of TB case samples in part C study 
Variable ^ 
variable All cases <=35 yr >35 yr 
171 52 (30.4%) 119 (69.6%) 
Age 49.46 yr 25.44 yr 59.96 yr 
“ m S 113 (65.7%) 26 (50%) 87 (73.1%) 
胁 female 59 (34.3) 26 (50%) 32 (26.9%) 
Y 72 (41.9%) 49 (94.2%) 23 (19.3%) 
BCCj history ^ 100 (58.1%) 3 (5.8%) 96 (80.7%) 
^ “ “ ^ 80 (46.5%) 34 (65.4%) 45 (37.8%) 
Sn^oking ex-smoker 34(19.8%) 9 (17.3%) 25 (21.0%) 
current smoker 51 (29.7%) 5 (9.6%) 46 (38.7%) 
Positive Y 59 (34.3%) 13 (25.0%) 46 (38.7%) 
sputum smear N 113 (65.7%) 39 (75.0%) 73 (61.3%) 
~ Y 35 (20.3%) 11 (21.2%) 24 (20.2%) 
�avi ty N 115 (66.9%) 35 (67.3%) . 80 (67.2%) 
minimal 95 (55.2%) 35 (67.3%) 60 (50.4%) 
Extent moderate 44 (25.6%) 9 (17.3%) 34 (28.6%) 
advanced 20 (11.6%) 5 (9.6%) 15 (12.6%) 
phase I 149 (86.6%) 51 (98.1%) 98 (82.4%)^ 
p , phase II 23 (13.4%) 1 (1.9%) 21 (17.6%) 
Laseate phase III 0 0 0 
phase IV 0 0 0 
5.3.3 Primary endpoint case-control results 
Five SNPs on four chemokine genes were picked up for this part of the studies. 
Table 5.3.3.1 listed detailed information of all the chemokine SNPs including SNP 
position, function and the percentage of three genotypes and alleles compared with 
HapMap information of CHB population. All of the genotype results followed 
Hardy-Weinberg Equilibrium (HWE) with HWE p-value larger than 0.05. The 
case-control study results of all the susceptibility SNPs were listed in Table 5.3.3.2, 
including p value and corresponding Odds Ratio. None of the p value of the five 
SNPs exhibited significance in the case-control studies, which suggested that no 
association had been found of these SNPs with TB. For miRNA-146a SNP 
rs2910164, Table 5.3.3.3 and Table 5.3.3.4 listed the detailed results of the 
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genotyping experiments. None significance was found associated with TB in 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5.3.4 Secondary endpoint case-only studies results of CCL 
genes 
5.3.4.1 Case age distribution 
The age of patients were collected to form the age distribution histogram. Table 
5.3.4.1 listed the age frequency and corresponding cumulative percentage. As the 
first 30% of the patients was defined as early-onset age group, from the table we 
could indicate 35 years old was the divided age line of the two age groups. The age 
frequency distribution histogram {Fisure 5,3,4.1) demonstrated the same bimodal 
distribution of the age in case samples of this part. 
Table 5.3.4.1 Age frequency and cumulative date of TB cases in part C study 
Cumulative Bin Frequency o/ 
/ o 
5 0 “ 0.00% 
lO" 1 0.36% 
15" 1 0.72% 
20 12 ~ 5.05% 
25 25 14.08% 
30 26 23.47% 
35 19 30.32% 
40 18 “ 36.82% 
45 17 42.96% 
50 24 - 51.62% 
55 24 - 60.29% 
60 22 68.23% . 
65 22 — 76.17% 
70 20 “ 83.39% 
75 17" 89.53%" 
80 — 12 — 93.86% 
85 lO" 97.47%" 
90 3 98.56% 
95 2 一 99.28% 
100 Y 100.00^ 
More Q 100.00%" 
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His togram | ™ — y 
- * - Cumulative % 
30 120.00% 
25 • / p K 广 N . 100.00% 
& 20 • / I V • 8。_。。％ 
S 15 . / fl 卩 \ - 60.00% 
‘ / n 丨 / : - n \ 
10 • I n \ • 40.00% 
5 • I / 彳Z • 20.00% 
0 丨 A IB ffiKfl _ I I • I I J I 11 j 11 丨 111 ’ 丨丨 111 111 • I I 111 _ I I,丨 I • 11 I 丨 11 _ 0.00% 
B i n 异沟另织导 
Fisure 5.3,4.1 Age frequency distribution of TB case samples in part C study 
5,3,4,2 Secondary end-point studies results 
In secondary case-only studies, no significance had been identified in BCG 
history factor (Table 5,3.4,2,1). positive sputum smear (Table 5,3,4.2.5), or extent of 
the disease (Table 5.3.4,2.6). SNP rs885691 on CCL8 gene had been found to be 
associated with smoking factor in both all cases (p=0.001) and age groups (younger: 
0.015; older: 0.016) (Table 5.3.4.2.2\ The detailed description of the number of the 
patients of each of the age groups was listed in Table 5,3,4,2,3 and Table 5.3,4.2,4. 
For presence of lung cavity, three significant associations had been discovered in 
this study. The SNP rsl719134 on CCL3 gene appeared to be associated with cavity 
positive for those patients who were younger than 35 years old (p=0.012). For 
another SNP, rsl2602707 on CCL8, the patients' who were in the older age group, 
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showed borderline significance with cavity presence (p=0.019) and so was the all 
cases samples (p=0.026) (Table 5.3.4.2.7-Table 5.3.4.2.8). 
Although these interaction effects reached statistical significance, the limited 
sample size made them unreliable and future studies are required to confirm these 
preliminary results. 
I l l 
Table 5.3.4.2.1 Association between studied SNPs and BCG history factor in 
different age groups 
BCG history p value 
Gene SOT All cases <=35 yr >35 yr 
CCLS rsl719134 0.052 
CCLS r s885691 0 .236 0 .652 0 .126 
r s l 2 6 0 2 7 0 7 0 .886 0 .447 0 .713 
- CCLll rsl86Q182 0.704 0.541 0.378 — 
-CCL16 rsl6971746 0.684 0.389 0.873 
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Table 5.3.4.2,2 Association between studied SNPs and smoking status in different 
age groups 
Smoking status p value 
Gene SOT All cases <=35 yr >35 yr 
CCL3 rsl719134 0.981 0.373 0.344 
CCL8 rs885691 0.001 0.015 0.016 
rsl26Q27Q7 0.176 0.055 
“CCLll rsl 860182 0.680 0.721 0.408 “ 
“ CCL16 rsl6971746 0.054 0.375 0.082 
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Table 5.3.4.2.3 The number and p values of rs885691 of smoking status 
Smoking N (%) p value 
status all cases | <=35 yr | >35 yr all cases <=35 >35 
rs885691 “ 0.001 0.015 0.016 
Y ^ ^ 1 4 ^ ^ 70 
^ (16.7%) (83.3%) 
N V9 ^ ^ 








































































































































































































Table 5.3.4.2.5 Association between studied SNPs and smear positive in different age 
groups 
Positive sputum smear p value 
Gene SNP All cases <=35 yr >35 yr 
CCL3 rsl719134 0.767 
CCL8 rs885691 0.890 0.701 
rsl2602707 0.569 0.354 
CCLll rsl860182 0.396 0.608 0.390 
CCL16 rsl 6971746 0.735 0.072 0.279 
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Table 5,3.4.2.6 Association between studied SNPs and extent of disease in different 
age groups 
Extent of disease p value 
Gene SNP All cases <=35 yr >35 yr 
CCLS rsl719134 0.523 0.421 0.883 
CCLS rs885691 0.727 0.579 0?m 
rsl2602707 0.187 0.082 0.819 
CCLll rsl86Q182 0.665 0.122 0.232 
CCL16 rsl6971746 0.593 0.770 0.617 
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Table 5.3.4.2.7 Association between studied SNPs and cavity presence in different 
age groups 
Cavity presence p value 
Gene SOT All cases <=35 yr >35 yr 
CCL3 rsl719134 0.174 0.012 0.694 
CCL8 rs885691 0.129 a W 
rsl2602707 0.026 0.728 0.019 
CCLll rsl860182 0.086 0.079 0.407 
ecu 6 rsl 6971746 0.734 0.634 0.535 
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Table 5.3.4.2.8 The number and p values ofrsl719134 of cavity presence factor 
_ _ N(o/o) Z n <=35yrN(o/o)* 
presence all cases <=35 yr >35 yr 
rsl719134 GG | GA | AA 
Y ^ ~ ~ ~ 8 15 4 i 3 
(34.8%) (65.2%) (50.0%) (12.5%) (37.5%) 
N 86 28 ^ 12 15 1 
(32.6%) (67.4%) (42.9%) (53.6%) (3.6%) 
p value 0.174 0.012* 0.694 p=0.012 
>35 yr N (%)* 
rsl2602707 GG GT TT 
Y M ^ 7 3 i 
(32.4%) (67.6%) (63.6%) (27.3%) (9.1%) 
N . . . S ^ 18 n 6 
(30.4%) (69.6%) (51.4%) (31.4%) (17.1o/o) 
p value 0.026 0.728 0.019* p=0.019 
* Only the genotype distribution of the significant interaction groups is shown 
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5.4 Discussion 
5.4.1 Genetic association of SNPs with severity of TB 
In this part, no significance had been found in the primary case-control study 
for all the susceptibility loci involved in chemokine genes. 
TB is an infectious disease with multiple etiology including genetics and 
environment. Smoking is believed to be an important risk environmental factor for 
the development of TB. Studies on Saharia tribe of Madhya Pradesh, central India 
found that persons aged more than 45 years old, males, smokers had higher 
probability to develop TB disease (Rao et al., 2011). The paper published by 
Lonnroth et al. estimated that smoking is responsible for 23% of the TB cases, and 
might contribute more TB incidence than HIV infection (Lonnroth & Raviglione， 
2008). In the case-only studies, SNP rs885691 appeared to be associated with 
smoking status in the population. The p-values of all the independent age groups 
were exhibited significant level even after Bonferroni correction (all were lower than 
0.017). So this SNP might be predisposition to the smoking status in Chinese 
population in TB patients. 
For the presence of lung cavity, two SNPs showed significant associations. 
Rsl719134 found to be associated with presence of lung cavity in the early-onset age 
group with p value of 0.012. However, two significances in rsl2602707 were only 
with borderline p value, which might not show significance after Bonferroni 
correction. 
However, the number of the samples was not large enough to show that these 
statistical results are genuine. Expanded sample size was needed for further 
identifying the significances. 
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5.4.2 Smoking and immunity 
Smoking is getting more and more common globally. It is said that 
approximately one-third of the person world-wide aged 15 or above are smokers (Jha, 
Chaloupka, Corrao, & Jacob，2006). Either of the curiosity, pressure or poor 
self-control may lead to the smoking. Smoking has become one of the most serious 
risk factors of health concern and the catalyst for many chronic human diseases. Lots 
of evidence indicated the link between smoking and chemokines. Smoking may 
cause activation of resident cells and induce the recruitment of inflammatory cells 
into the lung, which including lymphocytes, macrophages and neutrophils, and 
release inflammatory cytokines and chemokines (Karimi et al., 2006; Mortaz et al., 
2010). Sopori emphasized that cigarette smoke would affect both innate and adaptive 
immunity and therefore develop other chronic immune-relative disorders (Sopori, 
2002). The detailed molecular pathology of the relationship need to be further 
studied. 
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Chapter 6 Final conclusion and prospect 
for future work 
6.1 Conclusion 
TB, as a world-wide prevalent infectious disease, has become the focus of many 
researchers. The pathogen, host immunopathogenesis and genetics were the three 
main parts of their research. GWAS have provided a strong platform to search for the 
susceptibility loci predispose to diseases. However, only one susceptibility locus has 
been found by GWAS associated with TB (Thye, et al., 2010). As a kind of GiD, TB 
manifests the hallmark of granuloma formation, which share common pathogenesis 
feature among granulomatous inflammatory disorders. This provided the basis of the 
hypothesis of this thesis that the susceptibility genetic loci identified in other GiDs 
especially by GWAS were also related to the pathogenesis of TB. 
Part A study of this project was the replication study of recently published TB 
GWAS result which identified rs4331426 and rs2335704 were significantly 
associated with TB in African population. The result in this part of the studies 
identified that only one SNP rs4331426 was associated with the predisposition to TB 
in Chinese population and the G allele appeared to be the protective allele for this . 
SNP in Chinese population (OR=0.62, 95%CI=1.15-2.26). 
SNPs selected in other granulomatous inflammatory diseases were investigated 
in Chinese TB patients in part B study. Case-control study found that rs2241880 on 
ATG16L1 was associated with TB incidence with borderline p value. In case-only 
studies, more association had been found in BCG history, smear positive, cavity 
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presence and caseate factor. Two SNPs on ANXAll gene were identified to be 
associated with smear positive in younger age group. And further Haploview analysis 
indicated that the haplotype C-T appeared to be risk haplotype in Chinese TB 
patients (OR=1.68 95%CI=1.15-2.46), while T-C was protective one (OR=0.58 
95%CI=0.38-0.89). Another three SNPs on IL23R gene rsll209033, rsll805303 and 
rs7517847 were associated with the presence of cavity in the early-onset age group. 
And the haplotype C-G-C shows significant result with borderline permutation p 
value. 
Part C study was based on the familiar linkage studies, investigating the 
association between chemokine genes and TB. No significance was found in primary 
case-control study. Further analysis on disease severity discovered that rs885691 on 
CCL8 gene was associated with smoking status in all of the three age groups 
(early-onset age group, older age group and the all cases group). Furthermore, 
another two SNPs were found related to the presence of cavity, which were 
rsl719134 on CCL3 gene and rsl2602707 on CCL8 gene. However, this part of 
study is limited by the sample size as RFLP was used as the genotyping method for 
most SNPs studied in early phase of my project. 
In the secondary endpoint analysis of this project, most significance found 
associated with tuberculosis were in the early onset age group, which was less than 
35 years old. It can be seen clearly in the TB case age frequency histogram (refer to 
results of chapter 4 and chapter 5) that two different peaks were shown in the figure. 
It indicated that the two groups of patients might follow the different pathogenesis 
mechanisms. And the first age group, which contained patients less than 35 years old, 
might be risk population group which having strong genetic influence. 
TB is an infectious disease with multiple pathogenic factors. Many evidence 
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indicated that genetic factors play important role in the pathogenesis of TB, and one 
susceptibility locus had been identified in this project. However, other 
polymorphisms cannot be neglected. In this project, smoking status, BCG history etc. 
were found to have various interaction effect related to the development or severity 
of the disease. So, it is believed that interaction between genetic and environment 
might result in the onset of TB. 
6.2 Limitation of the studies 
TB is such a complex disease that not only host genetic factor need to be 
concerned, the environment-genetic interaction and host-pathogen genetic interaction 
should also be taken into consideration. As there are seven kinds of strains of M.TB, 
each kind of strain has its unique virulence, transmissibility and drug resistance. 
Moreover, the genomic makeup of different M.TB family may affect host genetic in 
different manner. In this study, I only focused on the Beijing strain, as it is the 
predominant family in China, so the TB patients in this project were considered as 
infected with the Beijing family M.TB. 
TB is a granulomatous inflammatory diseases that share the same clinical and 
pathogenesis features with CD or SA. In this project, however, I did not take into 
consideration whether the TB case patients and control volunteers had CD or SA or 
other granlomatous inflammatory disorders. It may have affected the result, 
especially if the healthy control volunteers had granulomatous inflammatory disorder. 
But as the incidences of CD and SA are really low in China, the probability of false 
results in this project was relatively low. 
Sample size was another limitation factor in this project. In the primary 
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case-control analysis, the number of case and control were more than 1,000. 
However, in the secondary endpoint analysis, as I filtered the data according to 
certain patient information and missing patients data of some cases, the number of 
cases available for analysis decreased dramatically for certain clinical factors. So 
complete data collection should be emphasized. 
6.3 Future works and prospect 
More replication studies in different populations are needed to further identify 
the association between rs4331624 and risk of TB. As described in 3.4, rs4331426 
might not be the primary functional element across populations, so further studies 
could focus on the SNPs in LD with rs4331426 and may find out the functional 
elements across populations. The susceptible locus chrlSqll need to be further 
studied. Single gene or SNP predispose to TB may not contribute even across all TB 
patients to the genetic of the disease, so scan for the whole genome of human for the 
further discovery of TB susceptibility loci is still necessary. In some parts of my 
project, the sample size was not large enough due to limitation of genotyping 
protocol or material, expanding sample size is needed. Function studies such as gene 
knockout experiment or miRNA expression are suggested for better understanding 
the mechanism of the gene desert locus in Chromosome 18 and pathogenesis of TB. 
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